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HYDERABAD SESSION, 1937 

ERRATA AND ADDENDA 


(1) Section of Agriculture. 

The following abstracts of the Section of Agriculture which 
were deleted from the final Proceedings of the 24th (Hyderabad) 
Session are printed and supplied loose with Part IV of the Pro- 
ceedings of the 25th Session for inclusion in the Proceedings of 
the 24th Session between pages 376 and 377. 

Crops — Genetics 

64. Inheritance of floating habit in rice (0. Sativa). 

K. Ramiah and K. Ramaswami, Coimbatore. 

There are certain special varieties of rice known as floating rices 
which are grown under deep water conditions. They are generally 
characterized by very long and weak straws with a spreading habit forming 
roots at each, of the nodes above ground level, keeping themselves afloat 
with the rise in the level of water and coming down, flat on the ground 
when the deep water conditions are absent. A cross between one of the 
floating types and an ordinary cultivated type with erect and stiff straw 
studied up to ^3 generations at the paddy breeding station Coimbatore, 
shows that two recessive factors control the floating habit, a ratio of 16 : 1 
of normal to floating habit being obtained in the F 2 generation. There 
is also a definite linkage relationship between the floating habit and the 
length of the straw. 

Crops — Diseases 

66. On Urocystis Sorosporioides Koernicke. 

B. B. Mundkab, New Delhi. 

Plants belonging to the genus Delphinium wore found to be attacked 
by a loaf smut at Simla in 1935. Small pustules which very often coalesce 
when lying side by side are formed on the leaf-blade. The pustules are 
erumpent and circular and both dorsal and ventral epidermal tissues of 
the blade are arched outwards. Ventral side cells are elongated and the 
place of the mesophyll is taken up by the nutritive mycelium which is 
later turned into spore-balls. 

Sori are greyish and spores, black in mass; spore-balls are round to 
obtuse, compact, opaque. Measurements of spore-balls, fertile and sterile 
cells are given. The smut belongs to the genus Urocystis and of the three 
species affecting the members of the family Ranunoulaceso, this a^ees 
in its morphology and spore -measurements with U. Sorosporioidea 
Koernicke. 
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The genus Urocyatis has been merged into the older genus Tuhurcinia 
by Liro but reasons for not accepting this arrangement in the present 
state of our knowledge regarding spore germinations of those two genera 
are given. This is the first record of this fungus for India. 

66. Blank shank of tobacco in the Madras Presidency. 

B. B. Mundkar, New Delhi. 

In diseased tissues of tobacco plants suspected of blank shank at 
Anakapalle an unseptate mycelium was observed which, on incubation, 
developed sporangia of a Phytophihora, Comparative studios with 
authentic cultures of P. paraaitics var nicotiancct the casual organism of 
black-shank indicated that the suspicion was correct. The disease had 
boon previously recorded by the Govermnent Mycologist, Coimbatore^ 
in two other parts of the Madras Presidency. 

In pot experiments the fungus was virulently pathogenic to trans- 
planted tobacco, though in the seed beds PytMum spp., and Rhizoctouia 
spp., were more destructive. Well established plants infected without 
wounding showed early symptoms in eight to ton hours and succumbed 
on the second or third day recoveries being very few. Other Phytophthora 
spp., were unable to attack the plants and Pythium aphanidvrmntum, 
stated by Butler to be parasitic to transplanted tobacco in Nyasaluncl, 
was non-pathogenic under Pusa conditions. 

The fungus is principally soil-borne. Pxmgicides, proved infective. 
In the cool months of November to March, the fungus was unable to cause 
disease, but in hot weather it became active again. 

Of the eight Pusa varieties tested the ‘hookah’ tobaccos (N. rustica) 
were less susceptible. Two resistant tobaccos obtained from Florida 
maintained their resistance even at Pusa. 

(2) General Disc%ission — ^V. Conditioned Reflexes. 

Sections of Physiology and Psychology, 

The discussions on conditioned reflexes, vide p. 493 of the 
Proceedings of the 24th (Hyderabad) Session, was presided over 
by Me. K. C. Mtjkerji, M.A., President of the Psychology Section 
and not by Lt.-Col. S. L. Bhatia, M.C., M.A., M.D., B.Ch,, 
P.R.C.P., F.R.S.E., I.M.S., President of the Physiology Section^ 
as stated thereon. 
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1. LATE ABSTRACTS 


Section I, Mathematics and Physics. 

44. The dielectric constants of solid bodies.^ 

C. G. Darwin, Cambridge. 

The question of the electric and magnetic fields inside solid bodies 
is one which seemed to have been settled long ago, but Lorentz’s term in 

^ P introduces difficulty in the case where the dielectric constant is due 
o 

to polar molecules, and not merely to the fields induced in atoms. The 
consequence ought to be that below a certain critical temperature the 
substance would acquire a permanent electric moment, like a permanent 
magnet. This effect does exist for a few peculiar substances, but is rare, 
whereas the old theory suggests that it should be common, and be parti- 
cularly strong for water. Similar rules should apply for magnetism but 
the effect would only appear at temperatures of about 0.01®K. Such 
temperatures have recently been reached, and the substance does not 
become a permanent magnet at it, but appears to do so at a considerably 
lower temperature. Thus both for electricity and magnetism the theory 
needs modification. 

The necessary change has been made independently by Onsager and 
Van Vleck. The idea they introduce is that each molecule is not under 
the average field, as in Lorentz’s theory, but under this field modified 
by the fact that it is itself disturbing its neighbours. When this is allowed 
for, it appears that there is certainly no permanent electricity at the 
critical temperature, and no evidence that it must occur at all. The 
method is approximative, and is not capable of saying what will happen 
at these lower temperatures, but it does free us from what seemed a blank 
disagreement between theory and experiment. 

99. The values of the atomic constants. ‘ 

H. E. Eobetson, London. 

For some years there has been a puzzling discrepancy between the 
‘oil-drop’ and ‘X-ray’ values of the electronic charge, the two being 
very nearly in the ratio 136 : 137. This discrepancy now appears to have 
been satisfactorily explained, and it seems likely that the X-ray value 
(4’802x 10-10 e.s.u) is correct. 

The adoption of this value of e leads, however, to difficulty in inter- 
preting the measurements of certain related constants, and particularly 
the measurements of the ratio hje. In spite of the attention recently 
concentrated on the accurate measurement of e, e/mo and h]e, and the 
a.ppareatly very considerable improvement in methods, it is evident that 
the exactness of our knowledge of these constants still leaves a great deal 
to be desired. 

100. On nnits and dimensions. 

Sir J. B. Henderson, London. 


1 Published by title only in Part lU, Abstracts, page 16. 

( 1 ) 
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101. Hard cosmic ray showers. 

W. Bothe, Heidelberg, Germany. 

In the usual shower produced by cosmic rays, the average angle 
subtended by the tracks of positrons and electrons at the point where 
the shower is originated is about 20®. The secondary particles forming 
the shower are completely absorbed by a lead sheet about 2 cm. thick 
and for this reason these showers may be called soft showers. Tho pro- 
perties of the shower of a second kind observed by the present author 
have been described in the present paper. These showers are much 
harder than the usual showers and the angle of divergence is below 10®. 
It is pointed out that the second maximum in tho Rossi curve is more 
pronounced at angles smaller than 10® than at larger angles, and that this 
can be attributed to the production of tertiary showers by the hard shower. 
The intensity of the second maximum in the Rossi curve produced by the 
hard shower is proportional to Z per atom while that in the first maximum 
due to soft showers is proportional to Z^ per atom. As regards the origin 
of the hard showers, it has been observed that they are produced by the 
hard component of the primary cosmic rays. 


Section F, Botany. 

In connection with Abstract Ho. 22 of Section V, Botany^ 
page 143 of Part HI of the Proceedings of the 25th Indian Science 
Congress, dealing with ‘The structure of the chromosome’ 
Prof. R. Ruggles Gates has sent the following summary of what 
he actually said at the meeting. 

22, The structure of the chromosome. 

R. Rtjogles Gates, London. 

This paper discusses particularly (1) the time of splitting of the 
chromosome and the number of threads it contains, (2) tho chroniomoro 
vs. the chromonema hypothesis, (3) the satellited chromosomes, their 
relation to the nucleolus and to chromosome phylogeny. 

It is pointed out that various appearances have been interpreted as 
chromomeres when in reality uniform chromonemata were involved. 
Various errors of observation, technique and interpretation have led to 
a false appearance of granules on a thread. The hypothesis of chromo- 
meres therefore requires further investigation, especially as regards the 
supposed relation of chromomeres to ‘genes’. Much recent work has 
shown that the chromosome consists of spiral threads of relatively uniform 
thickness, the spirals becoming loosest in interphase and tightest in mota- 
phase of mitosis. 

The extensive recent work from many laboratories is reviewed, which 
shows that chromosomes are double structures consisting of two chromo- 
nemata variously intertwined in aU stages of mitosis, the new split occur- 
ring at or about prometaphase. A very large amount of direct observa- 
tional evidence thus nul lifi es the idea that chromosomes are single and 
that the meiotic prophase therefore differs from mitosis in the postpone- 
ment of the split in the leptotene thread. The leptonema has in fact 
been clearly observed to be double in a number of oases. Chromo- 
somes have also been shown to be composed of four strands in somatic 
metaphase and of two intertwined strands in anaphase and telophase. 
Recent work with Trillium, in which the chromosomes are so large that 
tho details of their structure are far above the limits of resolution, shows 
that the anaphase chromosomes contain two intertwined chromonemata, 
while the metaphase chromosomes are composed of four chromonemata 
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intei*twin.ed in. pairs. The X-ray experiments bearing on chromosome 
structure are critically reviewed. It is shown that the evidence is both 
indirect and conflicting. Each investigator has moreover interpreted his 
results as supporting the views he already held. This is true of those 
who hold that the chromosome is (a) single, (5) double, (c) quadruple. 
It is therefore concluded that the X-ray evidence is too indirect and xm- 
oertain to be of value in comparison with the direct observation of structure 
in the larger chromosomes. 

The importance of the satellites in relation to the nucleoli is pointed 
out, and it is shown how several lines of evidence can be used in a comple- 
mentary way in tracing the phylogeny of nuclear structure in primary 
or secondary polyploids: (1) the maximum number of nucleoli m early 
telophase nuclei, (2) the number of satellited chromosomes and the size 
of the satellites in somatic and meiotic mitoses, (3) the m».-viTr>nTn secon- 
dary pairing of bivalents in first and second metaphase. Loss of a satellite 
in a polyploid has apparently occurred through mutation in various genera. 
Strains lacking a pair of satellites can arise in this way. 

[Paper No. 27 on page 145. Abstract not supplied before 
is given heremth. The title of the paper is slightly amended.] 

27, The sexual process in the Rust Fungi. 

A. H. R. Buller, Kew. 

There are three ways now known in which the sexual process in the 
Rust Fungi may be initiated: (1) by the fusion of a (+) mycelium with 
a {— ) mycelium, as -first observed by Craigie in Puccinia helicmthi and 
P. gramims and as subsequently confirmed by Brown by means of critical 
experiments made on P. helianthi; (2) by the fusion of a dicaryotio or 
diploid mycelium (derived from a uredospore) with a haploid mycelium 
(derived from a basidiospore), as observed by Brown in the autoeoious 
rust, PiLcoinia helicmMi and (3) by the union of a pycnidiospore with a 
flexuous hypha of opposite sex, as observed by Oraigie in Puccinia helianthi 
and recently by the writer in P. grcmmis. 

The -writer has observed between eighty and one hundred unions 
between pycnidiospores and flexuous hyphae in Puccinia gramims, A 
union takes place (1) at the end of a flexuous hypha or (2) at the end of 
a short lateral branch or peg emitted from the side of a fiexuo-us hypha. 
Not a single fusion between a pycnidiospore and a periphysis (paraphysis) 
was seen. 

The paper was illustrated 'with lantern slides and models. 


Section IX, Agriculture, 

67. The present state and future development of potato 
breeding. 

Redoixfite N. Salaman, Cambridge. 

Potato breeding in England and in Western Europe has reached a 
stage at which no further improvement is to be expected by the use as 
parents of any of the existing commercial stocks. This is due to the fact 
that whilst all objectionable qualities, and with them perhaps much 
that gave vigour and constitution, have been bred out of the original 
stocks, and desirable characters such as hi^ cropping, colourless sJto, 
smooth eyes, good shape, good quality, maturing habits and the like, 
combined -with resistance to wart disease, have been retained, there is 
no further reserve of genic character to draw on. The qualities most to 
be desired, resistance to blight and virus disease, are missing from all 
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our stocks. These qualities can now only be obtained by the introduction 
of new blood from wild species or unrelated cultivated stocks such as 
may be found in Mexico and South America. 

In 1908 the author showed that resistance to blight was controlled 
by genetic factors and that such resistance occTirred in S. edinense and 
S. demissum. Crosses with S. demissum were begun in 1914 and have 
been carried on till the present time, using frequent back-crossing and 
testing each generation for resistance to blight, and economic qualities. 
The result is that potatoes have been bred which are resistant to the 
common form of blight, but new strains of Phytophthora infestcma have 
appeared, to which they are not resistant. The introduction of still 
further wild blood has given us potatoes immune to both this and the 
common blight. There is no reason to hope that before long the task of 
producing a good economic blight-resisting potato will have been solved. 

As regards resistance to virus, there is some hope that resistance to 
some of the diseases may be obtained from such wild species as S. Kibini. 
Even, if this resistance is genetic in character there stiU remains, the task 
of carrying it over to our economic varieties, which may be difficult 
without bringing with it the many undesirable qualities peculiar to S. 
Bibini. 

The author is of opinion that valuable progress may be made by 
protective inoculation methods by which non-vimlent virus strains are 
used as vaccines to protect susceptible plants against infection with 
virulent strains. This method has shown considerable promise in the 
laboratory. Inasmuch as such vaccines are naturally carried to the forth- 
conoing tubers, the method allows of a really practical application. 

58. Hundred ton sugarcane crop. 

Seth Lalohand Hiraohakd, Bombay. 

The author showed a cinema film depicting the growing of a hundred 
ton (per acre) crop of sugarcanes in parts of Bombay. Such crops were 
raised in response to the annoimcement of a prize of Bs. 1,000 for a hundred 
ton (per acre) crop of sugarcane under certain conditions in the matter 
of maintenance of records, etc. Subsequently a second prize of Rs. 500 
was offered for the highest yield of sugar per acre as well. The prize 
was given, at the instance of Mr. Wallcl^d Horaoband, by Messrs, Main- 
land Prize & Co., Ltd., Bombay. Such a heavy crop was rendered possible 
mainly through four factors, viz., (1) thorough cultivation, (2) heavy 
mEUiuring, (3) heavy irrigation, and (4) close and careful supervision. 
Such a crop was obtained from what is known as * Adsali * crop in the Deccan 
which stands in the field for eighteen months or a little over. 

All needed precautions were taken in the harvesting of the prize 
plots and estimating available sugar, technical men being told off for the 
work. Harvests of over 100 tons of canes were recorded from three of the 
prize plots, the variety being P.O.J. 2878. These results are very striking 
in view of the general belief at the time of the announcement of the prize 
that it was almost impossible to raise a hxmdred ton crop in the areas 
where the competition took place. The estimated available sugar was, 
in three oases, over 11 tons (being a little over llj tons in two of the 
plots). 

69. The role of sugarcane crop in the domestic economy of the 
Punjab cultivator with special reference to the years 
of economic depression. 

KHA2>r Bahadur Pateh-txd-din, Simla, 

Cost of cultivation of sugarc^e in the Punjab has been worked out. 
Tt is the highest among the provinces. The 3 delds per acre here are far 
below the rest of India and yet the Punjab has the second largest area 
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among the provinces. These points led the authors to make a compre- 
hensive study of the statistics of the crop and this has revealed some ve^ 
interesting facts. A detailed study has been made of the fluctuations in 
acreage under this crop during the last three decades. The quinquennial 
averages have been worked out, whidi for the quinquenniums end&ig with 
1926-26, 1930-31 and 1935-36 have been 427, 737, 416, 983 and 487,088 
acres respectively. The quinquennium ending with 1935-36 represents 
the years of general agricultural depression. A marked increase in area 
during this period has been of special signiflcance, the reasons for which 
have been discussed at length. The index numbers of prices have been 
calculated for wheat, cotton and oilseeds and have been distinctly higher 
for the latter commodity during the years of agricultural depression. 
Hence the tendency to put larger area under this crop. ' The year 1932-33 
recorded the maximum acreage since the beginning of this centi^. The 
prices during that year were also the lowest that ever prevailed since 
1913-14. The effect of acreage on price of gur has also been studied. 

About 1.6% of the total area of crops falls under sugarcane, but the 
crop is far more important than these flgures indicate. The gross value 
of the return per acre is much higher than other money crops. The ^are 
labour with the cultivator — ^manual as well as bullock — ^is economically 
utilized. Taking all these facts into consideration the importance of this 
crop in the province has been brought out. 

The percentage that value of this crop bears to the total value of 
money crops in the province has been worked out for the different quin- 
quenniums. This percentage during the years of agricultural depression 
has been distinctly higher than the same for the pre-depression years. 

Evidently the crop has played a very important r61e during the days 
of general depression. 



2. ERRATA AND ADDENDA 

Proceedings of the Twenty-fifth Indian Science Congress 

CALCUTTA, 1938 
PART III— ABSTRACTS 


(1) Section of Medical Research, 

[Paper No. 86 on page 256 of Part III of the Proceedings of 
the Silver Jubilee Session.] 

The jflbrst paragraph of the abstract should read as follows: — 

*It-ching (636-713 A.D.) during his ten-year stay at Nalanda made a 
successful study of the science of medicine. Translated a medical work 
‘Bhaishajya Vasthu*. His most famous book is the ‘Record of Budhistic 
Religion as practised in India’, in which he devotes many chapters to the 
rules of hy^ene and the principles and practice of medicine in order to 
satisfy the needs of the time.’ 


(2) Section of Geology, 

[Paper No. 18 on page 113 of Part III of the Proceedings of the 
Silver Jubilee Session.] 

The names of authors of the paper should read: — 

18. Tertiary basalts of Bombay Island. 

V. S. Dtjbey, Benares and H. S. Dalal, Bombay. 

(4) Section of Mathematics and Physics, 

[Paper Nos. 8 and 9 on page 3 of Part III of the Proceedings 
of the Twenty-fifth Indian Science Congress.] 

The names of the authors in the above abstracts should be 
interchanged as follows: — 

8. Diamagnetic susceptibilities and molecular structures. 

K. Banbrjee and J. Bhattaoharya, Dacca. 

9. Electron map of anthraquinone crystal by Paurier sum- 

mation method. 

K. Banerjee and S. N. Sen Gupta, Dacca. 


( 6 ) 



3, DISCUSSIONS 


I. THEORETICAL STATISTICS. 

(Section of Mathematics and Physics, in co-operation with the 
Indian Statistical Conference.) 

[No report of the discussions has been received.] 


n. RECENT ADVANCES IN THE STRUCTURE OF 
ALKALOIDS. 

(Section of Chemistry, in co-operation with the Indian 
Chemical Society.) 

1. Dr. J. N. Ray, Lahore. 

Recent methods used in the determination of the alkcdoids. 

2. Pros’. K. Gan-arathc, Bangalore. 

The structure of the stryohnos alkaloids and the biogenesis of 
the alkaloids. 

3^ Db. R. H. Siddtqi, Aligarh. 

The molecular structure of strychnine and brucine, 

4. Db. S. Siddiqtji, Delhi. 

[No report of the discussions has been received.] 


m. CHEMISTRY AND INDUSTRIAL DEVELOPMENT 
IN INDIA. 

(Section of Chemistry, in co-operation with the Indian Chemical 
Society, and the Society of Biological Chemists, India.) 

1. Db. T. S. Whbblbb, Bombay. 

Chemistry plays a preponderating part in the application of science 
to the development of natural resources. In order that it may fdl its 
role in this country it is essential that there should be a regular supply 
of weU-trained industrial chemists. It is necessary therefore that the 
Universities should provide courses in technical chemistry based on an 
adequate foundation of pure chemistry, and givii^ if possible opportunities 
for specialization in one or two major industries. The development of 
Departments of Applied Chemistry is expensive and it is essential that 
Universities should combine to prevent overlapping; all should have the 
equipment for general training and provision for specialized training in 
one major industry not covered elsewhere. 

( 7 ) 
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The Universities can also help by basing their research programmes 
on the problems of local industries and their technical chemical stafife 
should be encouraged to keep in direct touch -with these industries. 
Besides promoting the development of local resources such co-operation 
mil facilitate the provision of posts for University students. 

dose co-operation is also advisable between the Technical Departments 
of Universities and the local Departments of Industries; the latter can 
supply much valuable information regarding the industrial needs of the 
Province and the manner in which applied Science can help in solving 
local problems. 


2. Dbs. R. B. Forstbb and K» Venkatabaman, Bombay. 

Chemistry and Industry, 

Chemistry has played the dominant part in the development of the 
textile industry in recent years. The complete elucidation of the 
structure of cellulose and of the constituents of silk and wool has given 
the processor a knowledge of the nature of his raw materials, which has 
enabled him to achieve a closer approach to his ideal of producing a 
desired result in feel and appearance without prejudice to fibre strength. 
Regenerated cellulose and a variety of other synthetic fibres, individually 
and in admixturo with the natural fibres, have opened up a new range of 
attractive fabrics. Following Bohn’s discovery of indanthrene blue in 
1901, the dyer has now at his disposal dyes of a degree of fastness not 
only hitherto unsurpassed, but representing a permanence greater than 
that of the fibres themselves. All the colours of the spectrum are avail- 
able, including the greens ; and simpUfication of the methods of applica- 
tion in dyeing and printing has also become possible. Chief among the 
advances in dyestuff synthesis are the indanthrenes, the Na-fjhthol AS 
series discovered by the Griesheim Elektron, the stabilized diazo salts, 
the solubilized vat colors, the N'eolans (water soluble mordant azo dyes 
containing co-ordinated metal), colloidalized dyes for acetate silk and the 
Rapid Fasts and Rapidogens for printing. The fastness to wasliing of 
dyeings with substantive colours is improved by after-treatment with 
certam quaternary ammonium salts and allied substances (Fixanol, 
Sa]pamine, Solidogen). Scouring, dyeing and other processes have been 
fa<nlitated by numerous ‘auxiliaries’, polar substances of more or less 
complex character, belonging to the aliphatic, aromatic, hydroaromatic 
and heterocyclic lories and possessing one or more of the properties 
of wetting, emulsification, detergency, dispersion of calcium soaps, 
promotion of level dyeing, softening of textiles and the ability to 
impa^ a special feel or handle to fabrics. The chemical aspects of 
finishing have become more important than the physical processes of 
mangling, stentering and calendering. Some examples of such chemical 
fin i shi ng of cotton fabrics are the partial or surface solution of cellulose 
(su;^rficial rayonization), proofing against damage and deterioration of 
various kinds (water, mildew, moths, heat, fire), immunization and 
animalization, and ‘anticreasing’ by the incorporation of synthetic 
resins. Lastly, chemistry has not left untouched even the machinery side 
of the indus^; stainless steel and composition materials are being 
increasingly ^ployed in the construction of dyeing equipment. 

The Indian textile industry has so far been content to derive at 
second hand the benefite of this many-sided progress, and has done little 
or nothing to make similar advances on its own account. The institution 
by the University of Bombay of a department of textile chemistry is a 
first step to bring the largest Indian industry into live contact with 
chemistry and chemists. The need for rigorous scientific control of pro- 
cesses and for the local production of the chemicals and auxiliaries 
consumed by the cotton industry is receiving recognition. 
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Dr. R. B, Forster, Bombay, said: — 

Although the dyestuff industry is probably the most complicated 
industry in existence, it requires very few starting products and the plant 
involved is comparatively simple. 

By the distillation of coal tar over 200 products have been isolated. 
Out of these only a few are of importance in dyestuff manufacture, namely. 
Benzene, Toluene, Naphthalene and Anthracene and to a lesser extent 
Phenol, the Cresoles Xylene, Carbazol. The establishment of a tar 
distillation plant would therefore lay the foundation stone of the manufac- 
ture of dyestuffs and in addition would lead to the establishment of a 
number of other industries such as the preparation of disinfectants, wood 
preservatives, motor fuels, fine chemicals, pharmaceuticals, photographs, 
synthetic resins, solvents, synthetic tannins and the like. The tar dis- 
tillation industry is, however, not essential as sufficient benzene can be 
obtained by stripping coal gas and naphthalene is easily imported and with 
these two raw products a very large number of dyes may be manufactured. 

The heavy chemicals, namely, concentrated sulphuric acid, nitric 
acid and hydrochloric acid are already made in India and several factories 
for the manufacture of sodium hydroxide and sodium carbonate are in 
the course of erection. If any of these operate on the electrolytic system, 
a cheap supply of chlorine should also be available. Provision would 
have to be made for the production of oleum as many of the sulphonations 
can only be carried out by its use. The preparation of chlorsulphonio 
acid from oleum is a simple matter, involving only a supply of oleum and 
hydrochloric acid. The remaining essential chemicals, such as calcium 
carbonate, lime, iron, acetic acid, acetic anhydride, ethyl and methyl 
alcohols should present no diffoulty. 

The principal reactions in dyestuff manufacture are sulphonation, 
aJkyl fusion, nitration, reduction and chlorination for these operations 
only simple plant is required consisting of sulphonation and nitration 
pots, autoclaves and reduction vessels together with aucilliary plant 
such as filter presses, pumps, nontjus and wooden vats. In connection 
with the latter, Incfia possesses a great advantage over other countries in 
as much as she possesses an xmlimited supply of teak wood, one of the 
finest woods for the manufacture of chemical plant. 

In the initial stages it would be advisable to import the plant, required, 
but as the industry developed it should be possible to fabricate in India 
a number of the items which require cast iron, mild steel or copper for 
their construction. Incidentally this would produce another outlet for 
the iron foundries and engineering firms. 

Apart from its infiuence on other industries, the dyestuff industry is 
of enormous importance from a national point of view. What would 
happen for example if the supply of dyes was cut off or restricted. There 
is an enormous amount of capital invested in the mill industry and not 
only would the share holders go dividendless but numbers of work people 
would be thrown put of employment. 

An industry of the nature could not be bmlt up in a day and in the 
initial stages many of the external products would probably have to be 
obtained from outeide sources. , In the case of a dye like Congo Red it is 
possible to start with Benzidine and Naphthionic acid gradually work 
backwards — ^when in due course the starting points would be Benzene 
and Naphthalene. After aU half a loaf is better than no bread. 

3. Dr. B. C. Guha, Calcutta. 

Development of chemioal industry m India, 

During recent years throughout the world there has been increasing 
co-operation between pure science and applied science. Not that the 
distinction was ever water-tight, but of late the conscious application of 
science to human and social benefit has been greatly stimulated. This 
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need is all the greater in this country, where industry is still in its 
infancy. So far as chemistry is concerned, the situation is not very much 
better, many of the basic chemical industries being absent while most of 
the others largely concerned with drugs have to depend on imported 
chemicals. Coal is an example, where nothing is derived except coke, 
tar and coal gas, all other valuable bye-products being wasted. 

For the starting of many chemical industries, talents inside in the 
country are available. Raw materials and sources of power are also 
available. Experience shows that many machineries can be made 
according to design inside the country. But it has been felt that the 
requisite contact between scientists on the one hand and industrialists on 
the other has been lacking. I beg to suggest that organizations may be 
set up, which would represent (1) University Science departments, (2) the 
Industries Departments of the Central and Provincial Governments, and 
(3) the Chambers of Commerce. Establishment of such contacts would, 
I think, help to infuse a gmater sense of reality into the work of the 
University Science Departments and make them more responsive to 
industrial needs. Industrialists would at the same time realize what help 
science is capable of rendering to industry. This may reasonably be 
expected to lead to the establishment of new industries and expansion of 
the old. 

So far as Applied Chemistry teaching in the University is concerned, 
it is suggested that there should be greater co-ordination among the 
different Universities. While each centre should give instructions in the 
fundamentals of chemical technology, it is desirable that a centre shoiald 
specialize only in particular directions, depending on its peculiar environ- 
ments and local industrial possibilities. 

4. Db. H. K. Sen, Ranchi. 

Xoc resea/roh in India, 

Db. H. K. Sen, Director, Indian Lac Research Institute touched 
upon three points : — 

The training in the Universities is not being fully useful as the students 
do not have a truly machine sense. The latter can be developed by 
beginning such training in its elements from the age of 4 or 5 in the schools. 
Carpentiy, gardening, visits to museums, etc. Machine drawing is the 
language of the teclmioal man, and the imagination of the student must 
be properly developed to get an efficient technical staff. The Universities 
of the country should, therefore, examine this question and create such 
changes in the elementary school curricula that would help to develop 
this machine sense. 

He then mentioned the need for investigating the fuel and the fibre 
problems. We have a small coal deposits and any method of economy 
in this industry would be of vital national economy . He specially referred 
to low temperatxrre carbonization of Indian coals which he thought would 
introduce real economy in the fuel industry on the one hand, and would 
simultaneously yield the tar as a proper raw material for various chemical 
industries. Incidentally he mentioned a simple plant which ho and his 
colleagues had developed during the last six years in the University of 
Calcutta, which could provide all Universities and technical establishments 
with gas at practically no cost, and furnishing the tar for examination by 
a body of research workers whose wages would be found from the economy 
in the cost of gas production itself. 

The fibre industry which is of equally great importance deserves 
similar attention. The cane sugar industry has brought within reach a 
fibre the value of which remains as yet xmutilized. For building materials 
such and other fibres should be intensively investigated. 

In the end. Dr. Sen deplored the want of proper co-operation between 
the technical man and the capitalist, which, to his mind, is the real 
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reason for the absence of big industries. Initiative and enterprise, and 
more than all, the combination of the capitalist and the technical mfl-n 
would create a different phase in the future of Indian industry. 

6. Drs. H. B. DtJKNiouaB’F, Gilbert J. Bowler, V. Sitbbamaotan, 
K. Venkataraman, K. G. Naik, M. S. Patel, K. L. Mudgill 
and JMiss Ram, took part in the discussion. 

6. Sir Henry Tizard. 

Sir Henry Tizard suggested the appointment of research boards by 
the Indian Science Congress. 


IV. PRE-CAMBEIAN SEDIMENTATION. 

{Section of Geology,) 

1. Mr. B. Rama Rao, Bangalore. 

Including under the comprehensive term Pre-Cambrian all the rock 
formations anterior to the great eparchean interval, the main features of 
sedimentation of the Archean times as exemplified in the Dharwar rooks 
of Southern India are dealt with. The process of sedimentation of this 
extensive era has been considered under three periods. 

During the first or the oldest period, there was a dominance of 
vulcanism with hardly any sedimentation. Such of the few types, as 
could be recognized as possible sediments are of the nature of chemical 
depositions, mainly siliceous, derived from the decomposition of their 
closely associated volcanic rocks which in parts at least, seem to have 
been sub-aqueous. Towards the top of the period, signs of disintegration 
probably under hot moist conditions, and mechanical sedimentation 
become apparent, but still the processes of weathering were incomplete 
and the weathered products wore never conveyed far from their sources. 

During the second period, specially towards its end, signs of setting 
up of meteoric conditions akin to those of the present day are better 
evidenced. Graphitic carbon and graphite are conspicuous in some of 
the rock types, indicating the probable advent of the original primitive 
plant life at about this period. There was still considerable amount of 
chemical deposition, — and this time lime, iron and silica were the products 
of precipitation. There was also mechanical deposition. The possible 
sources of material for these sedimentations with reference to environ- 
ment, the nature of the depositional basins and the conditions of deposition, 
etc, are briefly touched upon. 

The end of the ora indicates conditions of sedimentation not very 
difieront to what are commonly observable at the present day. The 
sedimentary material of this period represents the broken down products 
of the various types of pre-existing rocks ; transported, sorted and deposited 
like the present day sediments. 

2. Dr, M. S, Krishnan, Calcutta. 

Most of the sedimentary types in the Pre-Cambrians do not call for 
special comment. The iron formations and manganiferous rocks are 
peculiar in that their deposition has not been repeated in later ages to a 
similar extent or magnitude. 

The banded iron-bearing rooks are widely distributed in India — ^in 
Orissa, Central Provinces, Bombay, Hyderabad and Mysore. Most of 
them at any rate are of sedimentary origin, the iron being probably derived 
from the weathering of pre-existing rocks. Some of the deposits have 
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been metamorphosed, giving rise to magnetite-schists and magnetite- ' 
amphibole-sohists. Superficial enrichment has ^ven rise to important r 
deposits of iron-ore of high quality. Other peculiarities of the formations 
are also discussed. 

There are three different groups of manganiferous rocks in India, | 

gondites, kodurites and manganiferous shales. !From the original sedi- | 

ments gondites have been formed by metamorphism, while kodurites are [ 

products of hybridism between the sediments and igneous rocks. All ' 

the three types have given rise to residual ores, but the primary ores j 

associated with the gondites are the most important. ; 

Though iron and manganese occur in close association in rocks and | 
minerals, on going into solution they tend to be segregated during deposi- J 
tion. The abundance of oxygen determines whether carbonates or oxides ■ 
are to be deposited. | 

3. Pnor. L. Rama Rao, Bangalore. J 

In discussing any aspect of Pre-Cambrian geology, the following j 

facts have to be remembered: (i) the Pre-Cambrian strata are of very | 

wide extent, visibly covering nearly one-fifth of the whole land smfaoe 
forming the shield areas; and even among the other four-fifths of the [ 

continents, they probably exist over large areas deeply buried under the j 

later formiations ; (ii) their total thickness exceeds that of all the rest of [ 

the strata put together, and they thus represent a very long period of | 

time — much longer in duration than the whole of the time represented by | 

the Cambrian to the present day; (iii) the Pre-Cambrian beds of any area t 

are not merely a series of deposits laid down one after another throughout [ 

the period; on the other hand, the sequence is frequently interrupted by [ 

prolonged periods of diastrophism and denudation, giving rise to uncon- 
formities which constitute ‘the most wide-spread, strongly accentuated 
and deeply significant structural features’ of this part of the geological 
record, and repres^t extensive featureless surfaces of peneplanation 
the like of which it is impossible to see during the later periods; (iv) due 
to the continual operation of two factors, magmatic absorption from 
below and denudation from above, it follows that what we now see of the 
Pw-Cambrian rocks form only a part — ^probably a very small part — of 
the entire original formation. 

In the study of Pre-Cambrian sedimentation, two questions naturally I 
come up for consideration: (a) what was the appearance of the face of 
the earth at the beginning of geological history ? — ^was there a world sea ! 
encompassing the whole earth or were there, as now, continental blocks ^ 
and sundering oceans? (6) was the composition and character of the f 
primeval oceans and of the atmosphere under which they lay, the same , | 
as it is now? and were the processes of sedimentation — ^mechanical, | 

chemical, and organic — similar to those of the present day ? 

In connection with Pre-Cambrian sedimentation, there is another 
important problem to discuss, viz., what part, if any, did life play in the 
building up of these ancient rocks. It is true that, of undoubted organic 
remains, there are very few indeed; and even these are mostly found 
only in the later Pre-Cambrian sediments. But yet, taking into account 
all considerations, there seems to be no doubt that many more forms of 
life flourished in the Pre-Cambrian seas than the actual fossil record 
indicates. Absence of fossils need not necessarily mean absence of life, 
particularly so in the case of so remote a period as the Pre-Cambrian. 

The Pre-Cambiian seas must have been teem^ with life of a kind which 
could never be preserved in the fossil condition, but nevertheless played 
an important pa^ in determining the course of contemporary sedimentation. 

4. Pnoff, P. G. H. Boswell, F.R.S., London. 

In connexion with the discussion on Pre-Cambrian sedimentation. 
Professor Boswell commented on the fact that in calcareous sediments 
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of much later date, e.g. Chalk and the Becent limy muds of the Bahamas, 
no trace often reroained of the organisms which had played a great part 
in the formation of the deposits. It was possible, therefore, that organisms 
such as bacteria and algsB might have played an important part, even if 
an indirect one, in the chemical processes of Pre-Cambrian limestone 
formation. And the same might be urged, for some occurrences at least, 
of the banded iron ores. 

The problem of Pre-Cambrian graphites associated with limestones 
was also of much interest. Now that so many rare elements were found 
by spectroscopic tests to be characteristically present in coal-ash (e.g. 
germanium, vanadium, etc.) and our knowledge of theif occurrenco in 
p.Tn*TnflJfl was increasing, a spectrographic study of graphite associated 
re^ectively with limestones and igneous rocks seemed to be called for. 
Light might be thrown on the mode of origin of limestone graphite — 
whether organic or inorganic, and if organic, whether plant or animal— 
by such ‘blood tests*. 

6. Dr. C. Mahaubvait and Mr. Syed Kazemc, Hyderabad 
(Deccan). 

Pre~Oarnbrian aedimentoilion in the Bhima-Kistna basin. 

A series of sedimentary rocks consisting of conglomerates, sand- 
stones, shales and limestones occupy roughly an area of about 2,000 
square miles in the Bhima-Kistna basin. Their maximum thickness is 
computed to be less than 800'. Bruce Foote and King, two of the great 
pioneers of Indian Geology who surveyed this part of In^a about 70 years 
ago, gave them the name of ‘Bhima Series* and relegated these formations, 
on lithological grounds, to the Kumul Series of the Purana Group of Sir 
Thomas Holland. La the entire absence of fossils and stratigraphic 
evidence to assign their horizon with certainty, lithological considerations 
are the main criteria to fix their age. (Hem. G.S.I., Vol. XU, pp. 139' to 
164). 

During the recent survey of the Gulberga district by the Hyderabad 
Geological Survey, some observations of interest were recorded which are 
briefly reviewed here. 

Bruce Foote divided the Bhima Series into two stages, a lower stage 
consisting of conglomerates, sandstones and shales, and an upper stage, 
of limestones, sandstones (local) and shales. The recent detailed study, 
however, brings out the fact that three distinct stages are recognizable in 
these sedimentary formations. 

In the flrst or lowermost stage conglomerates and sandstones are 
succeeded by dull green, purple and red shales. Their total thickness is 
not over 200'- 

In the. next or middle stage limestones of cream, blue, black and buff 
colours were deposited. These have a maximum thickness of about 260'. 
Field evidence clearly suggests that dinring this stage the Bhima sea 
must have attained its maximum extent when dry land adjacent to the 
original sea underwent submergence. We therefore find that limestones 
sometimes directly overlie the Peninsular gneisses without the intervening 
sandstones and shales. 

The third or upper stage heralds a period of upheaval. A great part 
of the area covered by the Bhima sea again became a dry land, mechanical 
sedimentation taking the place of chenoical precipitation, in the area still 
covered by water. In this last stage, local beds of the sandstones along 
what seems a shore line, were formed. These are succeeded by buff, 
black, blue and purple shales. Naturally, oscillation in levels must have 
taken place during the period of deposition of these beds. The upper- 
most beds are corSned to the northern and western parts of the Bhima 
basin. 

The structural features presented by these formations are com- 
paratively simple. The beds are nearly horizontal and except for 
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compaction show little evidence of metamorphism. Some faults have 
been noted, the longest of which is about 50 miles with a run of 30 miles 
West to East and about 20 miles South to North, This was traced east- 
wards from Honhalli (Lat. 26° 44' 55^ Long. 76° 26' 10'') through dogi 
to Makhtapur (Lat. 16° 45' 30", Long. 76° 49' 50"). From hero it takes 
a northerly swerve to Badewadgi (Lat. 17° 40' Long. 76° 47' 50"). This 
is a normal fault with the throw varying from place to place. 

A case of reverse faulting noted between Warchanhalli (Lat, 16° 
51' 12", Long. 76° 48' 30") and Jewargi (Lat. 17° 18', Long. 76° 46' 20") 
brought to light clearly by the data afforded by deep wells recently 
excavated in the area and by surface observations clearly proves that the 
Mudbal and Jewargi limestones are not intercalated beds in the Upper 
Shale stage as si^gested by King (Mem, G.S.I., Vol. XII, p. 160). The 
anomalous position of the shales is seen to be due to faulting. It is sur- 
mised that the faulting took place subsequent to the deposition of the 
sediments. They are definitely pre-trappean in ago. The beds dip at 
moderately high angles all along the fault line. 

A feature of peculiar interest in these formations are the local 
occxirrence of large scale slipping-in of beds due to the removal of the 
imderlying layers. At Ladlapur (Lat. 16° 58' 40", Long. 77° 2') a large 
mass of brecoiated limestones is seen lying at the foot of a conical hill 
composed of shales, obviously displaced from the summit of the hill. 

Becently, in the last session of this Congress, a suggestion was put 
forward that the salinity met with in southern parts of Gulberga district 
and in the Baiehur district is mainly ascribable to concealed saline beds 
lying below the shales of the Bhinoa Series. That is to say, there were 
periods of marine regression and desiccation of parts of the basin, giving 
rise to saline beds which are supposed to have been overlaid by later 
sediments of the Bhima Series. This suggestion, i.e. of the alleged pre- 
sence of concealed saline beds has been very carefully gone into by the 
Hyderabad Geological Survey during the recent work in the Bhima Series. 
Thanks to the systematic and extensive excavations of wells in this area 
by H.E JBC. The Nizam’s Well Sinking Department for village water supply, 
we have reliable and complete data on the quality of water availablo in 
these sedimentary formations through practically the full extent of the 
Bhima Series, and along the junctions of gneisses and sandstones, of 
sandstones and shales, shales and limestones, etc. hundreds of wells have 
been examined but no case of salinity was met with. A few isolated 
ocoimcences of brackish water, such as near Wadi railway station, are 
obviously due to contamination of surface waters through mantle of thick 
black cotton, soil, during filtration. We have also incontrovertible 
evidence that black cotton soil wherever it occurs, for example on gneisses, 
on Dharwars and Deccan Traps gives rise to sometimes salinity of the sub- 
soil water. 

No fossils have been so far met with, though conditions were most 
favoura,ble for their preservation. Becent writers on sedimentation are 
inclmed to ascribe the black and blue colour of the shales to organic 
origin. To what extent the black and blue shales of this area owe their 
colour to this agency will be an open question till some definite evidence 
of life is proved in these formations. 


V. THE ORIGIN OP BANDED GNEISSES. 

{Section of Geology.) 

1. De. M. S. Keishnan-, Calcutta. 

Three types of banded gneisses have been observed in the Gangpur- 
Banohi area of Chota Nagpur, viz., biotite -gneiss, calc-gneiss and amphi- 
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bolite-gneiss. The lighter bands in all these consist of aplitic or granitic 
material injected into the rocks in liUpar-lit fashion. The darker bands 
in the biotite-gneiss contain the usual constituents of biotitic schists; 
in the calc-gneiss the constituents are the calc -silicates actinolite, tremolite, 
epidote and zoisite ; in the amphibolite-gneiss they are hornblende, 
quartz, elino -zoisite, ilmenite and sphene. The biotite-gneiss is found 
over a large area near the margin of the granite batholith of Ranchi, the 
granitization and banding dying away with distance. 

The experimental work of Goranson in the Geophysical Laboratory 
at Washington shows that pegmatite and aplite crystallize within the 
temperature range of 700°-650°C. and quartz veins at still lower tempera- 
tures. A typical granite which contains 1% water, at a depth of 10 km., 
will give at a temperature of 700®C. a residual liquid which is 15% of the 
original rook with 6'5% of water in solution. The amount of water 
held in solution will depend on the pressure to which it is subjected. 
Hence, granite magmas at a depth of a few kilometres can be expected to 
give sufficient residual fluids to soak or to penetrate porous and schistose 
rocks in their neighbourhood and give rise to granitization and banding. 


2. Me. B. Rama Rao, Bangalore. 

Banded gneisses have originated under different conditions and 
several t 3 q)es of such gneisses are recognizable in Mysore. All the various 
types may be broadly classed under the following three main divisions : — 

(1) Banded ortho-gneisses ; 

(2) Banded para-gneisses j 

(3) Banded composite gneisses. , 

In group (1), banding is generally noticeable due to the following condi- 
tions : — 

(a) Flow banding produced at the margins of the later granites. 

(t) Parallel orientation of coloured minerals in deformed granitic 
rocks. 

(c) Incorporations of streaks and stringers of dark hornblende- 

schists in the granitic rocks producing various types of 
banding commonly noticeable in the Peninsular gneiss. 

(d) Acid injections along planes of weakness in the hornblende- 

schists which have given rise to banded dioritic gneisses, 
banded homblende-pyroxene-gneiss and several other types. 

(e) Intermingling of granitic rocks and norites which have given 

. rise to some banded hypersthene -gneisses. 

(2) Crystallization of different layers of original sediments have 
given rise to certain types of banded gneisses and schists, like the silli- 
manite-oordierite-gneiss of Channapatna, and the various exposures of 
kyanite-sillimanite -gneisses of the south-west parts of Mysore. 

(3) Certain gametiferous micaceous Reisses, homblendic micaceous 
gneisses, and cordierite-hypersthene-gneisses could be classed under 
composite banded gneisses, and in many of the outcrops of such rocks 
banding is seen to be due to lit-par-lit injections of acidic veins, in the 
original sediments. 


3. Mb. L. S. Krishna Muetht, Dr. C. Mahadevan, and 
Mr. Sybi> Kazim, Hyderabad-Deccan. 

Field observations in Raichur and Gulberga districts throw light on 
the origin of banding in the granitoid gneisses of the Peninsular complex. 
Some of the salient points of this study will be briefly stated. 

Banding in the Peninsular gneisses may conveniently be classed under 
two main types : — 
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(1) Banding in the grey series produced by aplitic and pegmatitio 

phases of the same series and from injections of the pink 
series. 

(2) Banding in both grey and pink series, produced by long runs 

of basic rooks. These are seen in the contact zone of the 
schists and gneisses. 

4. Mb. H. N. GAiTGHitii, Calcutta and Mb. G. C. Chattbbji, 
Dhanbad. 

The Origin of Banded Gneisses of Hazanbagh. 

The rocks involved in the production of the hybrid ^eiss in these 
areas are an older schist or ampMbolite and a newer granitic (the present 
granite-gneiss — ^‘dome gneiss’) intrusive with its later pegmatitio phase. 

The hybrid gneisses range firom banded gneisses with distinct alternat- 
ing bands of basic and acidic materials through streaky gneisses to 
homogeneous melanocratio biotite-gneiss. 

There are evidences to prove that the pre-existing basic rock was 
invaded by an acid magma jSrstly inbroad patches, and thereafter more 
and more closely in a lit-par-lit manner. In places where penetration was 
complete homogeneous gneisses resulted. 

The basic rock before incorporation in the granitic material was 
reduced to a plastic state which facilitated the intimate permeation of it 
by the invamng magma. The plasticity is inferred from local fault of 
basic bands in the banded gneisses and &om the ptygmatically folded 
acid veins in the basic rocks. 

The first acid magma to invade the basic rooks was the main acid 
intrusive of the area. Later pegmatitio and aplitic material invaded 
the earlier rooks, probably still m the process of consolidation. The idea 
is corroborated by the occurrences of interstitial microchine in the gneiss 
and by the occurrence of pegmatitio and aplitic veins and dykes that out 
across the bands of the banded gneiss, often sending veiolets along the 
banding planes of the gneiss. These pegmatites thus to a great extent 
had been responsible for the banding. 

The microscopic evidence of the permeation of a basic rook by an 
acid one is furnished by (o) the intrusive relation of quartz with plagio- 
olase and femic mineral and the formation of diablastio intergrowth; 
and (&) molusion by the acid magma and its materials of the constituents 
of the basic rook. 

During the earlier stages, i.e. during the period of mechanical 
shattering, augite was produced from hornblende, in the separated 
amphibolite bands, and a little quartz was introduced. 

With more iatimate penetration in the streaky gneiss more augite 
was produced from hornblende but in the more homogeneous variotios, 
i.e. where the penetration of the acid magma was completed, biotite is 
far more pronodnent than hornblende and augite, with usually a subordinate 
amount of muscovite. 

With the thinning of acid and basic layers further interchange of 
materials between the invading and the invaded rooks took place, the 
evidence of which is furnished by the formation of myimekite, etc. the 
basic rook was acidified and vice versa. Ultimately a uniform rook 
intermediate in composition between the amphibolites and the granitic 
rooks was produced. 

Myrmekite is generally absent in the homogeneous gneisses due 
evidently to a more complete reaction between the invading magma 
and the invaded rock. 

Sphene was formed around ilmenite duo probably to reaction between 
the latter and some lime, that might have been available due to the 
interchai^e of material between the acid and the basic components of 
the hybrid gneiss. 
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6. Pkof. H. H. Head, University of Liverpool, England. 

In such an individualistic science as Geology, a discussion tends to 
become a symposium of a number of detached views. Each contributor 
gives an account of his own personal experiences, and it must be left to a 
master-mind to correlate and assess the various contributions. 
Particularly this must be so in a discussion dealing with so complex a 
subject as the origin of the banded gneisses. The best that we can hope 
for today, therefore, is to hear the personal views of those geologists 
present who have had occasion to deal with banded gneisses in the field. 

Perhaps I can best begin my own contribution by stating a fact 
which, though. obvious, is often ignored, and that fact is this: — a banded 
gneiss is a gneiss with bands, i.e. a gneiss with distinct more or less 
continuous layers of different compositions. I am not concerned with the 
homogeneous and massive varieties of metamorphic rocks. 

The first enquiry that I wish to make is the following. Can dislocation- 
metamorphism produce banding? The only case Imown to me of the 
production of banding by pure dislocation is that of the ribbon-mylonites 
associated with clean-cut thrusts. Sheared rooks in general are not 
banded; on the contrary, shearing tends to obliterate banding present in 
the rock before it was subjected to shearing. 

My second point concerns flow-banding in igneous rooks. This 
banding, apart from some developments in the gabbroic rocks, is restricted 
in extent, — original ‘pure* igneous rocks are not banded. I behove that 
only a very minor proportion of the banded gneisses owe this character to 
a flow-banding in an igneous rock. 

In my view, handing in gneisses 'is inherited from or controlled hj 
originally handed rocks. Banding is therefore predominantly dependent 
upon original sedimentary structures. Banding in gneisses arises in two 
main ways: — 

(1) by inheritance from pure sediments 

(2) by an injection-process controlled by sedimentary banding. 

I now consider these two oases. 

(1) Banding may arise by the reorystallization of an originally banded 
sediment. In this process of recrystallization there is a chance that there 
may be a partial or complete destruction of the original sedimentaiy 
banding by the operation of metamorphic diffusion and metamorphic 
differentiation. In these two closely related processes, movement of 
material from one part of the rock to another takes place dm*ing the act 
of metamorphism. It is unwise, in my opinion, to believe that the 
different layers in a banded gneiss have compositions identical with those 
of the corresponding layers in the original banded sediment. As a side- 
line to this topic, I should like to call your attention to two points, namely, 
the common preservation of banding in rooks of high metamoi^jhic grade 
and the equally common destruction of banding in rocks of low meta- 
morphio grade. I would put the question as to whether a progression 
from unaltered banded sediments through rooks of the epizone into rooks 
of the higher-grade zones is always requisite. I suggest that many high- 
grade banded gneisses have missed some of the lower stages in their 
formation. 

(2) An equally important process in the production of banded gneisses 
is that connected with igneous injection. It is becoming increasingly 
clear that metamorphism on a regional scale is accompsinied by the 
injection of material of magmatic origin, usually granitic in character. 
This is especially ev'dent, of course, in the rooks of high metamorphic 
grade. The groat injection-complexes of Scandinavia, Scotland, the Alps, 
the Pyrenees, United States and elsewhere, supply abundant evidence on 
these points. A very important group of banded gneisses, therefore, is 
that of the so-oaUed injection-gneisses. 

2 
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In. this connexion, I should like to hasten to express my opinion 
that we incline ito emphasize unduly the importance of the so-called 
lit-par-lit injection as a cause of banding in injection-rocks. While I 
agree that late plane injection of ‘magmatic’ material along planes of 
weakness, — ^foliation-planes, fracture and joint planes — does give rise to 
banded gneisses, still I hold that gneisses arising by such a process are 
relatively insignificant in the whole body of banded injection-gneisses. 
In the case of granitic injections, such introduced lits may be recognized 
by the development of selvages of enlarged biotite or hornblende adjacent 
to the incoming quartzo-feldspathio layers. 

The main process operative in the formation of the injection-gneisses 
is, I believe, one of replacement or metasomatism. This is no new idea, for 
it is inherent in the classic work of Michel-Levy and Lacroix on the French 
complexes, of Clarence Fenner in the United States, of Hugh Miller Jum\ 
in Scotland and of many other observers in divers districts. My own 
work in the great Sutherland complex in the N'orthem Highlands of 
Scotland has shown me that a great deal of the injection-process is carried 
on not by discrete injection of igneous material but by a permeation 
of the country-rock by solutions derived from an external source, pre- 
sumably an igneous reservoir. In the Sutherland complex, wo can 
demonstrate the passage, along the strike, of sedimentary rooks of various 
kinds into injection-gneisses and migmatites. Fermeation-gneisses and 
biotite-rich augen-gneisses arise from politic rooks, augen-gneisses from 
semipelitic roo& and homblendic augen-gneisses from banded hornblende - 
granuhtes. Apart from the microscopic evidence, which is abundant and 
clear, it is evident &om the preservation of the original attitude of the 
detailed succession of the country-rooks when they are involved in the 
migmatite zone that we are deaJhag with a pseudoinorph, as it were, of 
the country-rock in migmatitic material. The preservation of the plane- 
banded sedimentary attitude in rocks now consisting dominantly of 
‘granitic’ materials points unquestionably to the operation of igneous 
metasomatism. Country-rooks of different compositions react with the 
advancing solutions in different ways and to different degrees. The result 
is the production of a multitude of banded gneisses whose detailed 
characteristics depend upon their original composition and the stage 
reached in the metasomatio process at any given place. 

To sum up, therefore, banding in gneisses depends fundamentally on 
a banding, usually sedimentary, in the original rook. This original 
banding is either preserved by reorystallization or it controls the formation 
of banded gneiss in injection-complexes, in which differential metasomatism 
plays a predominant part. 


VI. THE SIGNIFICANCE OF BOUNDARY FAULTS IN 
THE SUB-HIMALAYAS. 

{Section of Geology.) 

1. Mb. P. Evaits, Digboi. 

The sub-Himalayan zone of the outer Himalayas in the Simla, Hehra 
Dun, and Naini Tal re^on is made up of a long narrow belt of Tertiary 
(mainly Miocene and Pliocene) rocks. The beds have a general northerly 
dip, and are separated from the older beds to the north by a thrust-fault. 
Within this strip it is usual to find the newer beds to the south and the 
older to the north, the apparent contradiction being explained by the 
presence of nearly parallel strike faults. 

A hypothesis developed by Middlemiss, following up a suggestion 
of Medhoott, postulates that the main fa-ult to the north, and to a lesser 
extent the smaller faults within the Tertiary strip, are ‘ boundary faults * 
marking very closely the original limits of deposition of the successive 
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groups. This hypothesis supposes that to a large extent the faults were 
successive, and not contemporaneous. 

This conception of ‘ boundary faults ’ is still accepted as the orthodox 
interpretation of the structure and stratigraphy of the sub-Himalayan 
zone. 

Hayden and Pascoe have applied this hypothesis to the Haga TTillft 
structure in Upper Assam, and have regarded the conditions here as 
analogous to those in the sub-Himalaya. Suess, Wadia, and othem 
have suggested that the Naga Hills structure represents the continuation 
of the Himalayan folding beyond the Assam Valley syntaxis, comparing 
this feature with the Jhelmn Valley syntaxis at the other end of the 
Himalayas. This appears to be a very probable interpretation. 

Detailed inapping in Assam has shown that the Disang thrust -fault ’ 
of the Naga Hills is not a south-eastern limit of deposition as suggested 
by the boundary fault hypothesis. A rejection of the hypothesis in one 
area, even if closely related, does not necessarily invalidate its application 
elsewhere, but it does undoubtedly point to the need for re-examination 
of the evidence on which the hypothesis is based. 

The main argument in support quoted in the Manual of the Geology 
of India is that ‘ if the many thousand feet of tertiary strata found south 
of the fault had been laid down in a continuous sequence previous to its 
formation, they must have extended far to the north of it, and it is almost 
impossible to undomtand how they could have been so completely removed 
as to leave no trace of an outlier ’ but this does not appear to accord 
either with modern ideas of the degree of denudation of the Himalayas, or 
with tho results of recent mapping near Simla and elsewhere, and the 
object of the discussion is to consider the evidence for and against the 
accepted interpretation of the boimdary faults. 

The rival eoncoptions may be summarized : — 

(а) the faults are mainly successive (that is, wore formed at tho 

end of tho period during which the sediments immediately 
to the south were deposited) and mark approximately the 
limits of deposition of successive beds. 

(б) the faults are in the main of post-Miocene age, largely con- 

temporaneous, and have no close connection with the limita 
of deposition of the Eocene and Miocene beds. 

It seems impossible to obtain any clear picture of the mechanism 
of the Himalayan mountain building movements until such a fundamental 
contradiction is resolved. 

2. Mr. D. N. Wadia, Calcutta. 

Gootoctonic work in the Punjab Sub-Himalayas has helped to define 
the real boundary of tho Himalayas, i.e. tho limit of the geossmclinal 
deposits against the epicontinental and fLuviatile deposits laid down on 
the marginal foreland and which have boon involved in the later subsidiary 
phases of upheavals. This boxmdary is a well defined thrust-plane or 
zone of thrusts bringing tho Himalayan Paloeozoic to Eocene rocks into 
juxtaposition with the Miocene and later Piedmont deposits (Muxree 
and Siwalik). Tho term ‘ main boundary fault * applied to this fault is 
clearly a misnomer. 

South of this thrust-plane there are a system of more or loss parallel 
reversed faults of remarkable persistence from east of the Jhelum in 
Punjab to beyond the Ganges. These may be the true boundary faults, 
i.e„ limits of deposition of successive zones of Upper Tertiary strata 
as much as tectonic dislocations, possessing the characteristics, structural 
as well as stratigraphioal, ascribed by Medhoott and Middlemiss to these 
remarkable lines of demarcation in the Sub-Himalayan Tertiaries. These 
‘boundary’ faults are highly characteristic and constant features of 
the Punjab, Kumaon, and Garhwal Siwaliks, exhibiting the relatioaoship 
commonly ascribed to them, viz., that each zone, as it follows the next 
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one, oontains a younger Siwalik stage as its oldest rock-group. It is 
only at the western and eastern ends of the main Himalayan arc that the 
characteristics of the boundary faults change and that they cease to be 
origiaal limits of deposition marking the southwardly advancing foot of 
the Himalayas at the successive uplifts. 

The remarkable observations made by Mr. P. Evans in the Assam 
ranges show the absence of typical boundary faults at this end of the 
arc. Similarly in the Kashmir foot-hills at the west extremity these 
parallel lines of faults are observed to die out and to be replaced by simple 
fold-axes, or normal faults, which do not possess any significance as 
boundary faults or limits of deposition. 

The old conception that the faults mark cliff-faces of the southern 
front of the Himalayas, against which piles of sub -montane sediments 
were laid down could oixly be true in a very limited and general sense at 
the most tsrpical localities. 

Tectonically these faiilts-cum-limits of deposition should be regarded 
as having been caused by the sagging of the north rim of the foreland 
at successive epochs of uplift of the Himalayas to form the complementary 
Gangetic depression at their foot. The sinking of the Indo-Gangetic 
trough must have been in stages, probably correlated to the orogenic 
pulsations, each stage marked by a fault-plane, giving rise at the surface 
to the features associated with boundary faults. 

3. Mr. J. B. Attmit, Calcutta. 

Mr. J. B. Auden began by describing the work of Medlicott and 
Middlemiss in connection with boundary faults, and then discussed their 
conclusions in the light of evidence collected during recent surveys. 
Certain boundaries, which were thought to mark the limits of present 
distribution of rook groups, were considered by Medlicott to have been 
topo^aphical features which originally determined the limits of deposition. 
This idea implies that those strata which are now absent from regions of 
elevation were never deposited there. These views have been found to be 
untenable with regard to the Nummulitic and Dagshai beds, which crop 
out further north within the lower Himalaya than was formerly supposed, 
frequently occurring as inliers below thrust sheets. There can be no 
question of such boundaries with the overlying thrust sheets being original 
topogr^hical features. L. M. Davies has recently suggested that the 
Upper Banikot sea extended from near Lhasa to Bagdad. Even accepting 
the original prenoises of Medlicott and Middlemiss, two of the so-called 
boundary faults of Hazara do not warrant their designation as such. 

Medlicott was unwilling to admit of anjrthing more than local and 
. rinimportant movements along the margins of his supposed elevations. 
Middlemiss and later workers have realized that great faulting must have 
occurred. More recently there has developed the conception that these 
faults are in the main thrusts, and that the movements along them had a 
considerable horizontal component. 

The idea of faults developing and moulding topography in such a 
way that deposition becomes limited to the downthrow side is no longer a 
valid e^lanation of the position of the older Tertiaries occurring below 
the major overthnosts within the Himalaya. The great overthrusts were 
probably just ppst-Murree, and it was probably not until these had formed, 
and the tectonic units th\is piled on ieaoh other had begun to rise as a 
mountain chain, that the geography of northern India began seriously to 
be modified. Once the moimtainous region had formed it may be supposed 
that there were effective limits to the deposition of the young orogenic 
sediments (Siwaliks) both in the north, in Hundes and the northern slopes 
of the Kim Lun, and in the south, along the southern flank of the Himalaya. 
In as much, however, as the faults marking the present surface limits of 
these late Tertiary rocks are inclined thrust planes, it follows that the 
actual limits of deposition must lie northwards, below the overthrust 
units. 
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4. Prot. P. G. H. Bosweli., London. 

Professor P. G. H. Boswell found himself in the position of the passing 
Wshman who asked ‘whether this was a private fight or might anyone 
join in*. As an outsider he (the speaker) with the humility bom of 
ignorance failed to understand the raison d’dtre for the discussion. He 
could not recall a similar discussion on the question as to whether a 
boundary fault divided off the Aipine or Carpathian mountain masses 
from the adjoining basins of deposition. There wore, of course, ‘boundary 
faults*, but they changed in position in successive phases of Alpine 
mountain-building, with the result that later movements caught up and 
included within the main mountain-mass sediments derived from erosion 
during earlier phases of uplift. He gathered that Tertiary sediments 
were similarly found on the Himalayan side of the boundary faults. 


VII. THE TEACHING OF GEOGRAPHY IN INDIA. 

{Section of Geography and Geodesy,) 

Dr. Chatterjee in his opening speech said that Geography was the 
most neglected subject at present in India. In support of this he pointed 
out that of the hundi’ods of colleges affiliated to the 18 universities only 
five or six colleges teach Geography in B.A. or B.Sc. course and only one 
provides facilities for the study of tliis subject in the M.A. course; whereas 
it is a quite different tale in the foreign universities which not only provide 
immense facilities for the study of that subject on a very high standard 
but also for training teachers in Geography. In the opinion of 
Dr. Chattorjeo Geography is still taught in old discarded way by untrained 
teachers who arc lamentably ignorant of the real Geography. As a result 
of that, boys only got by note names of some cities and towns and some 
definitions of geographical terms, wlxich is no geography at all. 

In his healthy and thoughtful suggestions, Dr. Ohatterjee told that 
in primary school and in the lower forms of the secondary school, Geo^aphy 
should bo correlated with that of hand work, nat ure -study and history, 
in as much as nature study lessons mainly moan tho observation of plant 
and animal life and of physical environments of tho children, which, 
again, are the stopping stones to tho study of geography. In fact, tho 
primary object of the teacher would bo to awakon childron*s interest in 
their immediate surroundings by arranging goographioal excursions. In 
the higher forms of secondary schools and in the advanced course in 
geography at the university stage. Dr. Ohatterjee said that geography 
should bo taught as a separate branch of science only by those trained 
teachers who had a clear knowledge of tho proper aim and method of 
modem geography; otherwise this subject would run tho risk of being 
side-traokod by other scioncos. 

Lastly ho suggested that a circular letter would be drafted and sent 
tmdor tho signature of the eminent Geographers present in the Conference 
to aU universities, stressing the importance of geography and requesting 
them to provide facilities for tho higher study of Geography. And 
geographical associations would bo formed in every province with a view 
to creating public opinion in favour of geography. 

He hoped that after such provincial associations have come into 
existence, a central organization with a central mtiseum can be formed that 
would help schools and colleges in various ways. 

After this a lively discussion, followed and a large number of delegates 
paartioipated in that. Miss MLajry W. F. Waddhtgion of Madras pointed 
out several difficulties that hampered the teaching of geography in Afferent 
types of schools. In her opinion syllabus for geography is not properly 
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drawn ont; some where it was stereots^ped, some where it was 
esitensive. 

Messrs. George KxntxyAK and S. M. Ayyar of Madras stroBBCcl 
need for entrusting that subject only on the trained teachers for tt^acnx*JM 
so that the subject might be properly handled; the latter put in a 
plea for the general recognition of the importance of study of local 
graphy at all stages. 

Mr. C. Baghxjnatram of Madras suggested that geography ahoiilii 
taught in elementary schools as that formed the real fouradation fi>r 
study of the subject at all the higher stages. 

Mr. a. N. Basu of Calcutta divided the problems of geography toacd i i 
into three classes: — {a) paucity of the right type of teachers, (b) paxicity 
of materials, and (c) paucity of good text books. Dwellinig on tho tiiJtirrl 
problem, Mr. Basu said that most of the text books were written froiix 
standpoint not of Indian students but of students of otlior olimoR iirui 
couniiies. This sort of text books, in his opinion, makes the sui>jo<‘!tf tut 
unreal one. He laid emphasis on the fact that geography shouUl 
taught entirely from the standpoint of the Indian students, so tltat t 
subject might be well grasped by students. 

Mr. a. K. Banerjeb of Calcutta endorsed the view of his provit>i»B 
speaker about the need for good text books. He deplored tho i>aiici<vy 
materials in high schools of Calcutta which hindered a groat tlotil 
teaching of geography on the modem line. In his opinion, geogrtipity 
teachers should be geography -minded and this would Tbo poasibli^ J 
opening geographical societies in different parts of the country. 

Miss Gasper of Calcutta put in a strong plea for plenty of 
work, use of one inch maps and nursery rhymes and this would inHi>iri^ 
the boys to use their powers of observation in the study of physical 
the human aspects of the Home Region. 

Dr. D. Dudley Stamp of London opined that the basis f)f tho 
trouble is that there is movement in a vicious circle, which haw to 
cut dcwn somewhere. In his opinion, if the teaching of googr«,i)hy in 
achooLs be improved, there will be considerable improvoin<,int in 
teaching of geography in colleges. In the actual teaching of tlio , 

he said that the teacher of geography has to keep to himsolf tlin purpt>fiM 
of geography and the logical sequence of it and only tlion to.Kt Uin>U i 
can he made interesting and real. 

Mr. M. Subrahmahyam of Madras in rounding off the discuHnion 
at one with Dr. Stamp in his view and added that progross should iruxeitt 
all along the line in order that it may be effective and poriuonorit. I In 
opined that university authorities should be persuaded to take irnnuHliutfo 
steps to provide facilities for the study of geography and give riMpiiaitn 
training and insist upon the right qualification for the teaohor of g<‘i>grn| »U> , 
while it is incumbent on the geographical associations to create tluj i>rJ jpnr 
public opinion. 


Vm. ANIMAL ECOLOGY IN RELATION TO INDIA, 


(Section of Zoology.) 


A discussion on ‘AnimaJ Ecology in relation to India’ of tho Rtxstir.ii .,r 
Zoology was held in the Zoology room (Chemistry Room I, ProBtdcjnr-J 
College, Calcutta) on the 4th January, 1938 at 10-30 a..m undor tJi,. 
chairmanship of the President of the Zoology Section, Prof. U. MuUliai 



1. Prop. P. R. Awati, Bombay, opened the discussion. 

Ecology is a new name for the old subject, Natural History. The 
old Natural History methods are now looked upon with some disfavour, 
-since they aimed mainly at the collection of specimens. With few excep- 
tions (e.g. the Bombay Natural History Society), local Natural History 
Societies, however much they catered to the popular interest, do not 
seem to be of service to modem Ecology. 

Ecology is scientific natural history that attempts to e^lain the 
physiology of organisms. It is a disciplined study of organisms in relation 
to environmental factors such as light, air, water, soil. It is the study 
of the action, and reaction between organisms and their environment, 
as well as among the organisms themselves. 

India is perhaps witnessing the last phases of the old Natural 
Hia^ry. There are several Natural History Societies and Museums in 
India whose collections are often ill-assorted, ill-classified, badly preseiwed 
and wrongly labelled, to be of any scientific use. Ecological investigations 
are sometimes conducted by those interested in the applied sciences. 
In departments such as Agriculture and Medicine, for fighting pests of 
crops, and germs of disease. 

Ecology has not yet found a place in the curriculum of university 
studies, although in western countries attempts are being made to give 
it a place in university syllabuses. Julian Huxley would like (so would 
we) to see some of the new subjects such as Animal Ecology, Developmental 
I^hysiology (Entwicklungs Mechanik), Genetics, Animal Behaviour, taught 
side by side with the old traditional subjects. Comparative Anatomy, 
I/hysiological principles, Cytology, Histology, Evolution and Systematic 
Jjoology, 

Students who take a post-graduate degree by an examination, only 
should be required to study the principles (elementary, of course), of these 
new subjects, in addition to an advanced study of the fundamental 
branches of Zoology, whilst those who are required to do some research 
work in addition to a written examination would be well advised to under- 
take ecological investigations. When, however, a graduate degree is 
sought solely on research, an ecological thesis might not be regarded as 
* sate * for that purpose. 

2. Prof. C. B. Narayatst Bao, Bangalore. 

The diatribvAion of Bairachians in Mysore. 

The plateau of Mysore surrounded on throe sides by momitain ranges 
and by level plains towards the east, is diversified by physical charac- 
teristics such as heavy forests and hills raising into bare crags in the 
higlior altitudes, and level plains deriving their character from the means 
of water supply and the nature of the soil determining the cultivation. 
The fauna of the country especially towards the west is, in richness and 
variety, comparable with that mot with in Malabar and Travanoore. 

The tropical forests present a vei*tioal series of strata available for 
animal occupancy, and the inhabitants of these areas are distinguished 
by certain well -defined morphological features. These adaptative modifica- 
tions are closely correlated with the physical conditions of existence, 
such as humidity, air movements, light and leafy covering of the ground 
area and the natm*e of the soil. The trees and shrubs which provide 
shelter may be classified under the following heads : (i) trees extending 
here amd there up to 80 ft., (ii) lower tree tops, from 40 to 60 ft., (iii) 
small trees, 20 to 30 ft., (iv) higher shrubs, above 10 ft., and (v) forest 
floors and low shrubs. 

The leafy canopy oasts a heavy shade, preventing grass from growing 
in the deeper recesses of forests, and here the deciduous leaves preserving 
moisture and warmth, provide protection. The temperature in the deeper 
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regions of the forests is comparatively high, ranging from 100 to 116° F. 
while in the margins of the forests the temperature rarely exceeds 100°^ 
in the hot weather. 

The warmth of the air saturated with moisture makes the tropical 
forest of the Malnad area a paradise for tailless amphibians. Generally 
speaking they are slender in build. They are almost entirely of arboreal 
habit, a few €upe rupicolous, so much so that, except during the breeding 
season, they rarely descend. In accordance with such habits, we find 
that the digits are provided with extensive adhesive discs with aborted 
web, A few Batraohians build leafy sacs on branches overhanging the 
water for depositing their eggs in, so that the larvae fall into the water 
on hatching. 

If we travel from the plains towards the Malnad area, we find there 
is a marked contrast in the distribution of the several families and even 
the members of the different genera. Certain species belonging to the 
genus Rana are absolutely plain-dwellers, not represented in the Malnad 
or in the margins of forests or in the higher altitudes, though a few hardier 
species may be found even on the tops of the bare crags. In the margins 
of the forest the principal genera are NyctibatrachiLS, Rkacophorus and 
Phila/uitus, The latter genus is entirely absent from the plains. In the 
plantations which have sprung up near the margins of forests, a large 
number of Engysiomatidos, pidncipaUy of the genera Ramanclla and 
Microhyla are represented. Curiously they are also arboreal while their 
congeners in the plains are burrowers, a habit of life which has produced 
remarkable morphological variations. The structure of the skin is equally 
interesting, inasmuch as the dermis possesses large spaces for the retention 
of water, a provision against the extreme dryness which prevails during 
the hot weather. 

The paper gives an account of the distribution of the Batraohians in 
accordance with the physical variations of the coirntry, and describes tho 
morphological adaptations produced by climatic and other ecological 
factors. 

3. Dr. StTNDER Lal Hora, Calcutta. 

Animal ecology of torrential streams. 

The author explained how the ‘ association ’ of a torrential fauna 
could be grouped into well-marked ‘habitats’ which could be further classi- 
fied into a number of ‘ strata ’. The physical and biological conditions 
which influenced the distribution of animals into ‘ niches * wore discussed 
and it was shown that the presence of an organism in a particular type of 
environment was not a chance occurrence, but was the result of an adjust- 
ment of the animal to the external conditions of its existence. ]3y a 
series of examples, taken both from the vertebrate and invertebrate fauna 
of rapid waters, the author illustrated that this close adjustment of an 
organism to the external conditions of its existence or ‘ adaptation. * was 
brought about through a series of gradual changes in the build of an animal 
which were, in the main, Induced by a number of factors composing its 
environment. It was concluded that for the study of organic evolution 
and adaptation it was of the highest importance that animal stinicture 
should be thoroughly^ analysed in terms of its environmental factors, 
and by such an analysis all chances of confusion arising out of a similarity 
of structure under apparently different conditions or of a divergence of 
structure xmder apparently identical conditions would be eliminated, 

4. Da. H. Srinivasa Rao, Calcutta. 

Ecology of animals Iwing in brackishwater areas of India, 

The term * brackishwater ’ is restricted to such areas of water os 
have permanent or temporary communication with the sea by estuaries 
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of rivers, or of channels connecting marshes, swamps, arid backwaters 
on the coasts of the Indian Empire, The waters of the areas tinder 
consideration are very variable in salinity throughout the year due to the 
rise and fall of the tides, or to the periodical influx of freshwater from 
floods and rainfall during the rainy seasons. Certain inland streams and 
lakes, the high salinity of which is due to purely local causes, as for instance 
in the streams of the Punjab Salt Range and of Seistan, are excluded from 
the meaning of the term ‘ brackishwater 

The brackishwater faima of the Indian Empire is as yet little known, 
but cei’tain typical areas such as, for instance, the Gangetic Delta and the 
Calcutta Salt Lakes, and the Chillca Lake have been more fully investigated 
than the others. Preliminary surveys of the fauna of the Vizagapatam, 
Ennur, Adyar, Travancore, and Cochin backwaters, all of them in S. India, 
have yielded results not unlike those obtained for the Gangetic Delta 
and the Chilka Lake, but no detailed observations in regard to the ecology 
of animals constituting the fauna have as yet been made. 

The main types of environment in brackishwater areas may be 
enumerated under the following heads : — 

1. The bottom — of mud, sand, or rock. 

2. The inter-tidal region— of mud, mangrove or rock. 

3. The weeds — consisting of flowering plants and algse. 

4. The mid -water. 

6. The surface-water. 

The groups of organisms that are associated with those types of 
environments are considered. They are of mixed origin — some being 
marine and some brackishwater, others being freshwater. Certain 
species of animals are periodical immigrants when salinity conditions are 
favourable. They die out when they are no longer able to withstand 
marked and sudden changes in salinity. Certain other species which are 
well adapted to changing conditions of salinity booom© the permanent 
inhabitants of the areas. Those are usually of brackishwater origin. 

The causes of migration of marine as well as freshwater animals from 
their habitual environment into brackishwater areas are analysed. 

The conditions of life in brackishwater areas, particularly as regards 
availability of food, competition from various animal species, temperature, 
chemical and physical conditions, are considered. 

6. Dn. H. S. PRTTTHi, New Delhi. 

A briej review of the work on the influence of the chemical and physical 

conditions of water on the bionomics of freshwater fauna in India. 

The freshwater fauna of various tropical countries have received 
considerable attention during the last 40 years, but most of those studies 
are of i)uroly systematic character. Many problems with regard to the 
biology, distribution and mutual relationsliips of the components of 
various faunas yet await solution. It is now widely recognized that the 
most essential work preliminary to the solution of such problems is the 
thorough study of tide environments under which the various animals 
live. Whereas the fresh waters of the temperate region of the world 
liave been exhaustively studied from this point of view, those of the 
tropics have yet received very scanty attention. Less than a dozen 
workers distributed over South America, East Africa, India, Ceylon, Java, 
Sumatra, Bali, etc. have yet investigated the chemical and physical 
conditions of tropical freshwaters and the influence of these conditions 
on their faunas. The workers in other countries who have made important 
contributions to this subject are P. Van Oyo, Apstein, Worthington, 
Carter and Beedle, Ruttner, etc. 

In India Senior White, Hora and Pruthi have been engaged on this 
line of work. Sehior White studied the distribution of mosquitoes in 
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relation to the nature of waters in Ceylon. Hora has paid considerable 
attention to the physical conditions of rapid waters on fish and other 
animals in several parts of India. Pruthi critically examined the seasonal 
changes in the conditions of the Museum tank in Calcutta and studied 
their rdle in causing periodic epidemics of fish mortality in that water, 
lie also investigated the conditions of life in the highly saline waters of 
the Salt Iflange, Punjab. A brief account of the results of important worlcs 
of these authors will be given. 


6. Pbop. Ri, G 0 PAI.A Aiyab, Madras. 

Aforme biological research in India with special reference to plankton^ 
an>d growth and reproduction in marine animals. 

Early marine biological research in India is boimd up with the work of 
Aloock, Annandal© and Sewell as Surgeon Naturalists of the R.I.M.S. 
InvoRtigator or as Directors of the Indian Museum, Calcutta. The 
investigations of Herdman in connection with the pearl fisheries of Ceylon, 
of Gardiner and others on the fauna of the Maldiv© and Laccadive 
Arohipolagoos have greatly added to our knowledge of the marine fauna 
of the Indian Coast. It may be said that systematic Plankton work 
has not been attempted in Lidia. Various organisms, however, which 
form constituents of Plankton have been the subject of intensive studies 
amongst which Ool. Sewell’s work on the Copepods and the Salpa of the 
Indian Seas, the work of Doncaster, Browne, Stiasney and others on Sagitta 
and Meduam of the Arabian Sea may be mentioned. In recent years a 
fair amomxt of work has been don© on Plankton and Planktonic foims 
tho Madras Coast. A comparison of the Plankton of the Irish and 
tUo English Seas with, that of the Madras Coast is instituted nnd it is shown 
tiiat her© tho Phyiioplankton shows definite seasonal maxima. A com- 
parison is also mad© with the Plankton of the Australian Co^t. The 
nifluonco of sunlight, temperature, saUnity and chemical constitution of 
Boa water on Plankton is briefly discussed. 

Invostigations regarding the periodicity in breeding of tropical animals 
of the Indian Coast may be said not to have been attempted at all. With 
tho exception of tho work of Herdman and Malpas on the pearl oyster 
and tho work on Troohus by Rao no detailed published account exists on 
tho behaviour of tropical forms in regard to breeding in Indian waters. 
Iteoently (yet unpublished) work on a number of sedentary organisms 
growing in the Madras Harbour goes to show that the views of Semper, 
Orton and Mortonson regarding the breeding of tropical animals cannot 
1)0 taken as altogether correct. Evidence is available to show that 
breeding in the Madras Coast is very similar to that of the Great Barrier 
Iteef. it may b© said that the breeding of animals in the tropics may be 
grouped under five definite heads. 1. Single breeding period not lasting 
the whole year round. 2. Continuous breeding all year round but more 
active during certain portions of the year. 3. Continuous breeding 
throughout the year without any marked breeding in any part of the 
year. 4. Two breeding periods in an year with a quiescent phase in 
between . 5. Discontinuous breeding related to the phases of the moon. 

Work done her© is in almost complete agreement with the results obtained 
l)y the Great Barrier Reef Expedition. 

Regarding growth and attainment of sexual maturity the data 
gathered from the Madras Harbour, taken in conjunction with the informa- 
tion available on work of a similar kind carried out in other parts of the 
world with very similar climatic conditions, show that sexual maturity 
is attained at an astonishingly early period and several broods are produced 
t luring the course of the year. The rat© of growth here is found to be 
oxtremoly rapid as compared with forms in other parts of the world. 
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7. Prof. B. K. Das, Hyderabad. 

Animal Ecology with special reference to the evolution of the 
Indian air-breathing fishes. 

The following points were discussed by the author ; 

1. The various types of ecological conditions existing in India 
and other tropical countries, and their relation to the characteristic features 
of the faunas found in such localities. 

2. Main factors responsible for the evolution of the air-breathing 
habit ; — 

(а) Lack of oxygen in shallow waters is the main stimulus for the 

instigation and development of this habit, and is of the 
greatest bionomic importance. 

(б) Other environmental factors associated with pools and ditches 

(stagnant waters), swamps, rivers and streams, lakes and 
seas, littoral and other zones. 

3. Various kinds of adaptations leading to structural modifications 
as correlated with ecological conditions. As a rule the adaptations are 
quite new, distinct and of independent origin, but in a few cases they 
may represent a single phylogenetic type. 

4. Certain general characteristic features of the air-breathing fishes 
— cf. similar environmental conditions prevailing in different parts of 
the world have led to identical physiological adjustments — a very in- 
teresting case of ‘ parallelism in evolution 

5. If an organ is modified for aerial respiration it must have (i) air 
passing in and out of that organ, and (ii) have a capillary net-work — both 
these conditions are being satisfied by tlio accessory air-breathing organs. 

6. The accessory respiratory organs aro chiefly an adaptation for 
tho absorption of oxygon from tho atmosphere, whereas tho gills form 
the main seat for tho excrotion of COg. 

7. In tho evolution of air-breathing habit, as a direct reaction to the 
low concentration of oxygesn in tho surrounding medium, there is clear 
evidence of a change of function, followed by structural modifications. 

8. Air-breathing habit is the starting point for a series of 
adaptations that must have helped migration to land, and is a prelude 
to the whole sequence of later changes that must have led to tho evolution 
of higher vertebrates. 

9. Lack of oxygon in tropical waters must have played a most 
important r61o in tho evolution of tho terrestrial vertebrates — it is 
generally believed that tho emergence of those vertebrates must have 
taken place in some such environment, viz., shallow tropical fresh waters 
or swamps (in other words, somi-acpiatio habitat) exposed to occasional 
droughts. 


8. Dr. S. C. Law, Calcutta. 

Ecology of avifauna in India. 

Tho GoiTolation between tho geographical environment and different 
fjrms of life, wlxich is so readily observable among plants, holds good in 
the COSO of tho avifauna of India as well. Tlie subject, however, has 
only begun to bo investigated, tind not moro than a few pioneer studies 
aro available. 

Tho scoi>o of tho paper is limited to certain ecological facts concerned 
with tho avifauna of two particular regions, viz., Lower Bengal and the 
Himalayan rogi<jn roimd about Darjeeling, which came under the 
investigation of tho writer. 

Lowc^r Bengal is a deltaic region and has aU the oharaoterj^tios of a 
delta. Tho Darjeeling region, on the other hand, is composite in its 
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geographical character and presents features common with tropical or 
sub-tropical regions at lower elevations, and temperate and sub-alpine 
characters at elevations ranging from 6,000 feet upwards. These environ- 
mental features are also reflected in the avifauna of each of these two 
areas. The Darjeeling area with its diversified ecological zones harbour 
a varied avifauna ranging from the forms peculiar to the plains to those 
specially adapted to high elevation. The plains species like the Shama 
{Kittacinda malaharica indica S. Baker), the Racket-tailed Drongo 
{Bissemurus pa/radiseu8 grandia Gould), Harewa or the Goldfronted 
Chloroposis (Ghloropsia a. aurifrona Temm. & Laug.) and the Hill Mynah 
or Grackle {Qramla religiosa mi&rrmdia Hay) have their habitat in the 
low-lying belt surrounding the foot of the hills, seldom exceeding a few 
hundred feet beyond it. The birds of the temperate zone on the other 
hand roughly populate an area from about the height of Kurseong to an 
elevation little over 1,000 ft. above the town of Darjeeling. Among the 
characteristic vegetation of this zone, the mantle of mosses and fernlike 
growths harbour plenty of insect food for the birds and also provide 
nesting material and sites. After this comes the zone of the palcearctic 
birds, the borderland between which and the temperate zone is the haunt 
of an admixture of palaearctio and oriental or Indian types. 

In Lower Bengal the environment of marshes and jhe&la is congenial 
to wading birds of the family Rallidce. The areas under tillage are 
inhabited by a different type of avifauna or rather society or association 
of birds. Of the waders Snipe with its smaller congeners prevails in the 
low-lying areas. Larks with Pipits are found in the meadow lands and 
higher cultivated fields. Plovers and Lapwings are no less a feature of 
these surroundings. Cattle Egrets are a necessary concomitant of the 
cultivated fields. The backwaters and salt-impregnated khaU and bils 
harbour Terns and OuJls, Kingfishers appear to prevail everywhere, 
and so do Doves, Babblers, and Cuckoos. But on scrutiny particular 
species are found peculiarly attached to certain environments. 

Lower Bengal falls directly in the migration route of birds from 
north to south and vice versa, and while it receives the influx, the stream 
divides somewhat longitudinally when an outpour into the Indo -Malayan 
region commences simultaneously with a convergence of avine sojourners 
to Central I n dia. This accession of avifauna, though noticed haphazard 
at first, readily plants itself in its proper setting. The ornithologist famiUar 
with en'^onmental factors will at once locate the associations that grow 
up in different settings. The Ducks and Geese arrive in legions, but 
what for their nocturnal habits and what for their undertaldng migration 
only at nightfall they compel their adjustment without commotion to 
their habitat or surroundings. The Sunderban areas harbour them in 
large numbers, and while they still abound in some congenial river-banks 
elsewhere, their number continues to dwindle appreciably duo to diverse 
causes mainly afiecting their environment. 


9. Db. B. SxnsTDABA Raj, Madras. 

Geological Research with particular reference to Indian 
fisheries. 

In most fisheries man simply gathers a wild harvest, without in any 
way contributing to its creation. Pish therefore live and die in their 
natuml environment and so provide a rich field for the ecologist. The 
reactions of fish to physical, chemical and dynamic conditions in the sea 
and &esh water to soil and bottom material, their response to woather 
and climate, their food habits and life history as adapted to their environ- 
ment, and finally their adjustments as communities to other aquatic 
life including a statistical study of their relative abundance, form the 
bulk of fishery research which is essentially ecological in character. 
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The basic problems of Fisheries all over the world may be grouped 
under four heads: — 

1. Can accurate estimates of the productivity of fisheries be made ? 

2. What possibilities are there of extending fisheries to new grounds 

or of augmenting the production of existing groimds ? 

3. What, if any, protective measures are needed to prevent 

depletion of a fishery or to restore a fishery that has declined ? 

4. Can a rational basis be found for forecasting the success or 

failure of a fishing season so as to order the efforts of the 

fishing industry to maximum advantage ? 

The last two problems at present have little more than an academic 
interest for us in India, as so far our sea fisheries have only been feebly 
exploited and the potentialities of the deep sea are practically unknown,, 
while as yet little is known of the biology of our food fish. Studies on the 
oil sardine, the most important commercial fish of the Malabar Coast, 
tend to throw light on the causes of the great fluctuations in this valuable 
fishery but as yet we are a long way from being able to forecast accurately 
the probable annual fisheries in India as has been done successfully in 
Europe and America during the last .decade. We may therefore confine 
our attention to the two first questions. 

1. Can accurate estimates of the productivity of fisheries be made ? 
The wide investigations made in recent years since the inauguration of 
quantitive methods in Marino Biological Research by Henson, have 
proved that the productivity of the sea and fresh water may be greater 
than that of land per unit area. Leading authorities havo held the view 
that seas which are relatively deficient in planlcton, as Tropical waters 
are declared to be, must be poor in fish. Biological and fishery investiga- 
tion in Indian seas point to quite a different conclusion. Statistics are 
available for the West Coast of the Madras Presidency since 1926.1 The 
average quantity of fish landed by a fisherman works out at seven tons 
in a poor yoor, taking the 1921 census as a basis. For the same year 
1925 the Japanese fisherman landed on an average three tons and the 
Scottish Fishery Report for 1926 gives over twelve tons per fisherman.^ 
If the Malabar fisherman with his primitive methods, afraid to go out of 
Bight of his hut, can captxare in a poor year more than 60% of the quantity 
caught by Scottish fisherman, using the most powerful and up-to-date 
ine&ods and vessels, and able to choose the most profitable fishing grounds, 
it must be adimtted that the Malabar Coast is at least as productive as 
the best waters open to Scottish fishermen. 

Experiments made with trawlers between 1900 and 1930 in Bombay,® 
Ceylon,^ Bengal * and Madras ® point to the same conclusions. Though 
the hours of work and the classification of fish caught were not the same 
for the different trawlers, the results have been reduced more or less to a 
imiform basis. Catches in Indian waters vary from 19*04 ewts. to 68 owts, 
per day’s fishing. Corresponding figures for a day’s absence from port for 
English trawlers in 1921 range from 14*62 cwts. to 49*31 owts. Had 
Indian trawlers boon worked on commercial lines the catches would have 
been larger. In calculating total catches by trawling, it must be 
recomzed that the more northerly bottom-feeding fish, cod, hake and 
haddock, and the fiat fish, plaice and halibut, which suppoH the great 
commercial fisheries of Europe and America, are either totally absent or 
represented by uneconomic specios. In India trawl fish consist mostly 
of sea-perches, jew fish, thread-fins, sea breams, oat fish, sharks, skates 
and rays. The well-lmown table fish, such as the various species of seer, 
mackerel, pomffet, herring and sardine, are mostly surface or midwater 
fish, and are not usually captured by trawls. Until fishing with seine 
and drift nets has been done in deep water the total productivity of 
Indian seas cannot be correctly estimated. In-shore fishing and trawling 
however have proved the productivity to be equal to that of colder waters, 
and it is safe to assume that surface and midwater fish in off-shore waters 
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will also prove to be equally abundant. The Imperial Economie 
Committee in their report on fish dated 1927 say, ‘It is probable that the 
chief difference is that in the warmer seas there are many more kinds of 
fish and probably fewer individuals of any one kind’. The rapid meta- 
bolism of Tropi cab species also probably contributes to increased pro- 
ductivity. Most fish in the Tropics breed when they ax*e a year old. 
The eggs of th^ Indian shad hatch in 16 to 24 hours while the American 
shad usually takes 6 to 10 days.s Growth in the sub-tropical Californian 
sardine, Sardinops casruUa is estimated at only 7*9 mm. a year,® while the 
Indian Sardinella longicepa reaches 16 cm. in the first yearM It has been 
recently ascertained that the Indian shad (hilsa) grows to 22 cm. in 9 
months.ii In German ponds carp grow at the average rate of 1 lb. per 
year; in the warmer parts of the U.S.A. at 3 lbs., but a growth of 1 lb. 
in 70 days is on record for Indian carp. The average annual yield of carp 
ponds in Europe is 1 cwt. per acre. In South India it is 1,000 lbs. per 
acre, and with hand feedLing may reach 3,600 lbs. per acre.i® Hapid 
reproduction and growth may easily account for increased output per 
unit area, even though the number of fish of any species at a given time 
may not he as large as in temperate and Arctic seas. 

2. What possibilities are there of extending fisheries to new grounds 
or of augmenting production of existing grounds ? The major fishery 
investigations conducted in. India and Ceylon come directly under this 
category. All the trawling experiments in Indian waters were for the 
purpose of establishing a deep sea trawling industry. The question of 
extension, however, is complicated, by the possible effects on the existing 
inshore fisheries, and the disentanglement of the complex problems 
involved falls directly within the province of ecology. 

^ Our pearl fisheries, which, unlike all other pearl fisheries, occur only 
in irregular cycles of years present economically important ecological 
problems, as yet tmsolved after nearly a hundred years of research in 
Ceylon and India. In 1921 there was a sudden and unaccoimtably large 
spat fall, though the pearl banks both on the Indian and Ceylon coasts 
had no oysters worth mentioning in 1920. The nearest outside sources 
are the Persian Gulf and the Mergui Archipelago, but no spat could travel 
so far during their short life as pelagic organisms and if they did would 
surely have left some trace of their passage along the East and West 
coasts of India. The only reasonable conclusion is that they wore brod 
locally. ^ HomeU suggested the presence of mother oysters in the coral 
reefs skirting the coast, ^6 but after a careful search oysters on the reefs 
were not found in appreciably largjer numbers than on the banks them- 
selves. All other explanations having failed the only other possible source 
was considered to be mother beds in deeper waters, that is, beyond the 
reach of naked divers in the Gulf. It is known that beds identical in 
structure to the known pearl banks exist in 12, 16, 24 fathoms and more 
on the Indian coast. A careful survey of the continental shelf on the 
Indian side of the Gulf of Manaar was suggested to the Madras G o vornmont 
but has not so far been carried out for various reasons. So far a bank of 
young oysters located in 16 fathoms by a preliminary exploration by the 
Pisheries Trawler ‘Lady Gosohen’ is the ordy evidence in support of this 
hypothesis. Great fluctuations and the occasional prolific years of repro- 
duction are due to a fortuitous combination of favourable factors. The 
presumption is that in such years the oyster spat invade inshore banks 
and yield the pearl fisheries of Ceylon and India. When normal conditions 
return the beds shrink back to their usual limits in deep water. 

The second problem, that of augmentation of existing fisheries 
embraces all the elaborate technique of the pisciculturist. So far the need 
for the culture of the true marine fish has not been felt even in Europe 
and America and the only evidence of depletion of stock through human 
agency occurs in the whale, halibut and Pacific albacore fisheries. It is 
admitted that we cannot maintain any of the true marine fisheries by 
artificial propagation.^® The great fluctuations in sea fisheries have been 
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proved to be the result of years of highly successful reproduction due to a 
fortuitous combination of favomable factors. The successful generation 
may then dominate the fisheries for several years. Thus the herring bred 
in 1904 dominated the commercial captures of herring in Norwegian waters 
from 1907 to 1919.17 Similarly in the Californian Sardine {Sardinops 
ccendea) four dominant year classes were noticed at intervals of two and 
four years from 1919-20 to 1920-30.1^ Researches on the Indian oil- 
sardine point to a similar conclusion. The fish caught in the abundant 
year 1933 were immature. In 1934-35 and 1935-36 only adult fish were 
caught, the average size increasing slightly in the 1935-36 year’s catch. 
The heavy catches of 1933-34 were due presumably to the favourable 
spawning of the 1933 summer and the poor catches m the subsequent 
years to mifavourable spawning seasons.i*^ 

Turning to pisciculture in inland waters the exotic food and game 
fishes introduced into India are Brown and Rainbow Trout from England 
and New Zealand for hill streams, Golden Ca^ and Tench from Europe 
and Gourami from the East Indies for the Plains. The Brown Trout has 
done well on the Himalayas and in the Punjab while the Rainbow Trout 
has prospered in South India and Ceylon. All attempts to acclimatize 
the Golden Carp and Tench to the waters of the Plains havo failed, though 
they still breed in Ootaeamund Lake. When a suggestion was made by a 
practical fisherman for stocldng with Trout tho hill waters of the Punjab 
which were barren of fish of any value,**^® it met with the most violent 
disapproval from orthodox zoologists on what appear to bo iim'oly theo- 
retical ground s.-i That the introduction of exotic species should be 
done with care is reasonable but tho objection is valid only where it applies. 
Tho introduction of trout on the Nilgiris, whore tho indigenous fish were 
of no value at all has caused no regret but has yielded a valuable and 
successful fishery for over thirty years. Since condUtions aro similar on the 
foothills of tho Himalayas the introduction of trout is tho best practical 
measure that can bo recommended on ecological grounds. The South 
India and Coylon experiment afibrds a concrete instance of tho success of 
the scheme. 

Tho highly esteemed gourami, which is well adapted for cultural 
treatment and has been bred in Java for centuries, is the chief exotic 
fish cultivated in all the fish farms of the Madras Fisheries Department. 
It attains the largo size of 24 lbs., feeds chiefly on water plants, is boneless, 
and has an excellent flavour. Extensive experiments have been carried 
out in Madras during the last 20 years, and as it is cultivated in small 
ponds in Java it was assumed that it was only suitable for stocking the 
stationary waters of protected ponds. So it was never introduced into 
rivers and lakes. But a few years ago an accident occurred to tho gouraroi 
pond in tho Poradoniya Botanical Gardens in Coylon when the pond 
overflowed into tho neighbouring river. For years the fish wore given up 
for lost, but in 1935 it was discovered that the fish had established them- 
selves in the river, which is the largest in Coylon, and wore tho object of 
an extensive coxnmercial fishery .^2 »phe knowledge thus gained opens 
up groat possibilities for tho development of river and lake fisheries in 
India. 

Two other exotic fish have been introduced for anti-malarial measures. 
They are the Barbados Millions — (Lebistes reticuZatiia) and Qambusia 
afflnis, 

Tho more valuable indigenous fish have also been made the subject 
of experiment. For laiwicidal moasturos we have Aplocfiilua and Panchax, 
which have proved to bo equal to any imported varieties, and being 
indigenous are both cheaper and better adapted for use.^s A recent 
attempt was made to assess their larvicidal value by examining their 
gut contents to determine their natural food. As onopheline larvm were 
found in only 10% of the fish examined it was concluded that these fish 
are not partial to a diet of anopheles and are therefore of no value as 
larvicides.2^ But as Dr. Gravely points out, 25 in snoall tanks and pools. 
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whenever the fish disappear mosquito larvae are at once found, but as 
long as the fish are there no larva is ever seen. Evidence from stomach 
contents is not conclusive without more elaborate and critical tests on 
accepted ecological lines, while practical field experiments have proved 
the undoubted efficacy of these fish in combating mosquito nuisance. 

Among the indigenous food fish that have been cultivated in India 
are hilsa, several Indian carps (Barbus, Catla and Labeo), an estuarine 
jpevah-Mroplus suratenais, and the white mullet or milk fish, Ghanos chanoa. 
Hilsa is a large and highly esteemed fish which ascends rivers for breeding, 
and extensive and valuable hilsa fisheries exist in all the important rivers 
of India. Since 1869 the Madras Government have been taking steps to 
safeguard hilsa fisheries from extinction, and the only satisfactory course 
was found to be a hilsa hatchery on the Ooleroon river. Artificial breeding 
of hilsa has been successfully carried out in Madras, ^ 6 but the problem of 
rearing the fry until they are sufficiently large to be Liberated into the 
rivers stUl remains to be solved. An intensive ecological study of the hilsa 
was also undertaken and the life history of the fish in its main outlines 
has been traced, and their rate of growth in the rivers ascertained.^? How 
long the fish remain at sea and whether they go to deep waters, when and 
how often they return to the rivers for breeding, are problems that remain 
to be investigated. 

Catla, one of the largest Indian carp, is specially noted for its rapid 
growth in all kinds of water (except brackish) from small wells a few feet 
in diameter to large lakes and rivers hundreds of square miles in area. 
It is not predaceous and the fry will reach a marketable size of 18-24 
inches in seven to eight months, for which period alone most of the 
irrigation tanks in the Madras Presidency hold water. The natural dis- 
tribution of the fish stops with the Kistna river and so far it has not 
been possible to breed it in any of the fish farms. Therefore its general 
distribution from the Kistna and Godavari to the South of the Presidency 
is unusually difficult and expensive. It was found however that after 
the construction of the Ki^ool-Cuddapah canal catla spread into the 
Pennar river, about 160 miles south of the Kistna. This suggested the 
possibility of establishing catla in the Cauvery but the proposal was 
condemned by some zoologists.®® It was declared on theoretical grounds 
that catla are tank fish and inhabit stationary water, breeding in inundated 
paddy fields,®® but as evidence to the contrary from field studies and the 
positive miration of the fijsh from the Kistna to the Pennar river systems 
was conclusive, the scheme was persevered with until success was attained. 
Eight years after the Mopad Reservoir was first stocked and nearly twelve 
years after the first stocking of the Cauvery, evidence became available 
of the success of the scheme. Catla of all sizes now appear in the catches 
at Mopad and throughout the Cauvery river, thus proving the soundness of 
the scheme. 

EtropVua suratenais is a valuable food fish of the sea and backwaters 
which, though it normally breeds in salt and bracldsh waters, readily 
acclimatizes and breeds in fresh water if nesting facilities are provided.®® 
It is now extensively bred in the Madras fish farms and is used for 
stocking tanks. 

Ohimoa chanos is another backwater fish largely farmed in the East 
Indies. Experiments have just begun in its culture in Madras. 

Pearl farm^ is attempted in the Gulf of Manaar. One of the aims , 
of the Ejrusadai Biological station is the establishment of a pearl oyster 
park with the twofold object of providing spat from the park when the 
mitur^ supply of oysters fails on the banks, which adjoin the park, and of 
inducing cultural pearls in the Indian oyster.®^ Though attempts 
during the last eighty years in Ceylon and India only met with failure,®® 
the experiments in pearl oyster culture begun in 1933 on Krusadai Island 
have succeeded. Spat transferred from pearl banks in 1933 are still 
alive and have grown at the same rate as on the natural banks. They have 
also bred and the spat produced have grown to adult size without undue 
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mortality .3 3 An important ecological phenomenon observed contrary 
to all espectation was that oysters live best on mud banks if suspended 
about five or six feet above the mud bottom, and thrive in bays well 
sheltered from wind and tides, though the water may be turbid and low 
in salinity owing to land drainage. 

The establishment of catla in the Cauvery, the accidental spread of 
the gourami to the lower reaches of the Mahawali-Ganga in Ceylon, and 
the culture of the Indian pearl oyster in shallow muddy bays in spite of 
theoretical objections demonstrate that academic arguments should not 
be allowed to outweigh the results of careful ecological studies in the field 
and of practical experiments. As with all other ecological research, the 
habits and responses of fish in their natural environment, must provide 
the foundation for the kind of experiment to be performed and the equip- 
ment to be employed in piscioultural experimentation. Initial facts 
have to be discovered by a study of the fish in Nature. At the same time 
if culture is to improve on Nature, new departures and a spirit of adventure 
must characterize experiments. Such a bold departure is no mere leap 
in the dark. It is weUlmown that a fish may be trained to make mental 
associations otherwise some of the complicated migratory movements of 
fish especially those of the Pacific salmon, which return to their native 
hill streams with unerring instinct will be unintelligible. From a purely 
•ecological point of view also, the ‘biotic potential’ which is the rate of 
reproduction, capacity for survival, protective reactions and structures 
foimd in an animal is but the quantitive expression of the dynamic power 
of the species, pitted against the resistance of tho environment. With 
changes in the environment the expression or behaviour must also change. 
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10. Prof. G. D. Halb Carpenter, Oxford. 

Ecology. 

Ecology, after aU, is only Natural History, organized, analyzed and 
systematized. An ecologist is bom, and not made — ^let us make the 
most of those who have the gift. Prof. Awati made the sad statement 
that ecology is not considered a suitable subject for an advanced thesis 
because it often leads to no definite result. This seems to be grave indict- 
ment of a situation which should not exist. 

Regarding museums the ecological aspect of display of collections is 
far more important for the public than the accumulation of large numbers 
of specimens to illustrate taxonomy, which is a question for advanced 
students rather than the general pubKc. A very good beginning has been 
made in the Indian Museum by Dr. Prashad. 

11, Prof. P. A. Btjxton, London. 

Prof. P. A, Buxton (University of London) gave a short account of 
the growth of knowledge about the ecology of mosquitoes. In his opinion 
the results of many years’ work were rather disappointing. He attributed 
this in part to the fact that the work has generally been done by men 
working in isolation (the subject demanding a knowledge of water chemistry 
and physios, a,lgalogy, bacteriology and other matters, and being appro- 
priate to team work), and in part to the fact that observations in the field 
had not been sufficiently analysed by experiments made in the laboratory. 


Profs. W. M. Tattersarl, L. F. be Beaufort, and Lt.-Col. 
R, B. Seymour Sewell, also took part in the discussion. 


IX. THE PLACE OF STSTBMATICS AND MORPHO- 
LOGY m THE STUDY OF THE LIVING 
ANIMAL. 


{Section of Zoology.) 

A discussion of ‘The place of Systematics and Morphology in the 
study of the living animar of the section of Zoology was held under the- 
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chairmanship of the President, Prof. G. Matthai, in the Zoology section 
on January 6, 1938 at 10-30 a.m. The President introduced the subject 
and called upon Col. Sewell to open the discussion. 

1. Col. K. B. Seymoub Sewell, Cambridge, opened the 

discussion. 

The place of aystcmatics in the study of the living animal. 

A study of the live animal can bo carried out along several different 
lines but in every ease it is impossible to separate the study of the living 
and the dead. 

Whatever branch of study one may wish to undertake, the first 
essential is the identification of the animal. The Systematist bases^ 
his classification on Morphology, but he is fully aware that evolution L s 
continually going on and that the species is liable to variation. The 
study of Evolution necessitates the study of Genetics, Distribution and 
Ecology. Each branch of study is intimately correlated with other 
branches, and Systematics, which is based on Morphology, is the central 
pivot around which all other branches are grouped. 

2. Pboe. K. N. Bahl, Lucknow. 

The place of morphology in the study of the living animal. 

Morphology is an ancient study which forms the basis of orthodox: 
taxonomy and has yielded remarkably valuable results in systematic 
zoology. It is impossible to study the mechanism of the living animal 
or its habits and relations to its environment without studying its structure 
as well, just as it is impossible to understand the working of a motor oar 
without knowing about the petrol feed, the carburettor, the ignition and 
the trausuiission gear. Emphasis merely on ‘ topics ’ of behaviour, 
organ-systems, economic applications, etc., tends to vagueness and lack 
of logical unity. Structure and function go hand in hand and evolve 
pari passu. 

Modern views about the anatomical basis of * reflex action * illustrate 
the method of an experimental science. Excretory organs and hepatopan- 
creatic glands of earthworms exemplify how morphological studies open 
up now fields for physiological and ecological work. Study of cytology 
and ii.s co-operation with physiology and genetics have led to remarkable 
results in heredity. 

3. Proe. H. K. Mooxebjeb, Calcutta. 

The place of embryology in tlhe study of the living animal. 

Animals having similar characters are considered, on the basis of the 
theory of evolution, to bo closely related, and dissimilar structure means 
distant aflinitacs. The older systomatist’s task, thoroforo, was simple, 
and in biiilding up classification ho merely dopondod upon similarity of 
structure. With the advance of knowledge it became evident that 
similarity of structure was not tho true tost or criterion, and the idea 
of homology and analogy should bo kept in mind when comparing animal 
structures. 

Organs which are dovolopmontally alike are homologous, and morpho- 
logy, in the wider sense, thus includes science of development or 
embryolo^. I shall now cite a few concrete examples from my own 
investigations on the development of the vertebral column, on which 
I have been working for a number of years, in order to show the value 
of embryological evidence on animal structure. These will be in the 
nature of answering certain questions which naturally arise in connection 
with the development of the vertebral column. The questions are these : 



36 


Twenty-fifth Indian Science Congress, 


1. Do all the centra in dijOferent classes develop from the skeleto- 
.genoTis layer surroxinding the notochordal sheaths as a whole ? This 
question arises since we find variation of shape regarding different forms 
of centra. 

2. As we fihd variation of thickness and material of centra in the 
different classes the question is, are the centra of different classes of verte- 
brata homologous ? 

3. How are the different types of vertebree formed, as we find four 
different types ? 

4. Variation in thickness in different regions of a single arch or 
variation in different species is observed, and the question is, are the neural 
arches of different classes of vertebrata homologous ? 

6. Why have the Teleostean fishes alone got neural arches made 
up of membrane bone, and why are they situated either at the anterior 
or at the posterior extremity of each centrum, and why does the rest of the 
'Centrum remain without the neural arch ? 

6. Is there any marked variation of the development of the centrum 
within the existing genus, or a marked similarity between two species 
belongiug to different sub -classes ? If so, then one is inclined to entertain 
a doubt as to the validity of the present classification. 

4. ViSHWA Nath, Lahore* 

[In the absence of the author the paper was read by Dr. Misra of the 
Benares Hindu University.] 

The place of cytology in the study of the living a/nimcd. 

In cytology, or the study of the cell, lies the key to the solution of all 
■biological phenomena, for all organisms are made up of cells. Whatever 
biolo^cal phenomenon we may wish to study — ^it may be structure, 
function, development or heredity — we are invariably driven to the study 
of the cell, the unit mass of protoplasm, which forms the physical basis 
oflife. 

It is impossible to exaggerate the importance of the study of the 
living cell. Curiously enough, after the introduction of the compound 
microscope in 1690, cells were studied in the living state by the earliest 
observers. But unfortunately, with the development of cytological 
technique towards the close of the nineteenth century, the centre of interest 
was shifted from the study of the living cell to that of fixed and stained 
material. 

^ Fortunately interest in the study of the living cell has been recently 
revived and valuable results have been obtained through micro -dissection 
and tissue culture or through the simpler technique of directly studying 
fresh cells isolated from the body of the organism. 

Probably the greatest achievement of cytology is the demonstration 
that the nucleus of the cell, or more particularly the chromosomes, consti- 
tute the physical basis of hereditary transmission. Apart from the most 
valuable data which have been collected through the study of fixed and 
stained preparations, witness the recent works of B61ar, who has studied 
the whole process of mitosis in the living cell. 

With the above most valuable results in hand the geneticists and the 
students of eugenics are busily pushing forward their experiments with 
a view to establishing better breeds or races. 

On the contrary, the Neo-Lamarchians are laying increasing stress 
on the importance of environment or habit in the transformation of 
species ; but whatever the mod/us operam>di of evolution may be, the 
chromosomes will continue to be regarded as the vehicle of hereditary 
transmission. 

Beside chromosomes various protoplasmic structures, such as the 
mitochondria and the Golgi apparatus, have been recently studied in 
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the living cell, and our knowledge of the structure of the living cell is much 
fuller today than it was fifteen years ago. 

The cytologiBt will reach the climax of success when he can create 
life. The bio-chemist, it is true, has isolated from protoplasm various 
kinds of most complex compounds. But protoplasm is not a mere mixture 
of these compounds. It is an organized system, the activities of its various 
constituents being fully co-ordinated. The protoplasmic compounds 
are represented by particles which vary endlessly in chemical nature, 
physical consistency, degree of magnitude and physiological activity, 
and are constantly acting and reacting upon each other. Until we under- 
stand the true nature of these reactions life will continue to be an unsolved 
puzzle, and the manufacture of protoplasm a cherished dream. 

6. Da. A. B. Misra, Benares. 

Dr. Misra stressed the importance of Cytogenetic studies and showed 
that the variations can be expressed by the various assortments of genes 
in the chromosomes by linking and crossing over of chromosomes. 

6. PaoF. W, M. Tattbrsaxl, Cardiff. 

Systematic Zoology is essentially concerned with the classification of 
aniYnalfl and it is the business of the sysfcematists to evolve a natural and 
true classification of the animals ho studies. Hitherto such work has 
been mainly morphological and for certain animals at least, e.g. the 
deep sea fauna, must of necessity romam so. Workers oii the systematics 
of terrestrial and shallow water forms, however, are realizing more and 
more the necessity of studying the living animal if the morphological 
facts which are the basis of their work aro to bo correctly interpreted and 
given their true value in tho olassificatory scheme. Stephenson in his 
recent monograph on British anemones has oven suggested a major classi- 
fication of the group on characters which can only bo observed on living 
animal, namely, the method of reproduction, and more or less definitely 
states that it is impossible to identify correctly a preserved anemone. 

As a worker on the sjrstematios of Crustacea I would emphasize the 
value of the study of the living animal whenever possible and particularly 
in regard to the following points: — 

(1) The morphological changes which accompany growth and more 

especially growth which takes place after sexual maturity 
has boon reached. Many Crustacea become sexually mature 
before full growth has been attained and many species have 
been doscribod which have subsequently been found to be 
merely growth stage of already doscribod forms. The 
phenomenon of high and low dimorphism is particularly 
important in this connection ; 

(2) tho changes which accompany tho growth of organs and struc- 

ture which are regarded as fundamental for olassificatory 
purposes, e.g., tho genitalia in many groups of orustaoea; 

(3) tho study of the functions of various orgtins and structures as a 

guide to tho proper interpretation of their morphology, to an 
accurate assessment of thoir real value in olassifioation. I 
would specially mention here the work which has been 
done on the feeding mechanism of Crustacea, and on the 
locomotion or Orustacoa for a proper interpretation of the 
internal musculature. 

What is said above about Crustacea will probably apply in lai^e 
moeiaure to other groups of animals. Hora’s work on the fauna of mountain 
torrents, Das’ work on the respiratory adaptations of fishes, and Wood 
Jones’ observations on the function of the syndactyl digits of marsupial 
are notable examples of the valuable results to be obtained from observa- 
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tions on living animals in the true interpretation of morphological 
■characters. 

Systematic zoologists are ultimately concerned with the mechanism 
of evolution and one of their main problems is to elucidate the cause 
or causes which have led to the formation of the genera, species and 
varieties which they describe. Specially important is the study of bio- 
logical races which can be regarded as species in the making. Such races 
in many cases are morphologically inseparable, but differ in some biological 
characters, such as the nature of the food, times of reproduction and so on. 
For a proper understanding and appreciation of these differences observa- 
tion on living animal are fundamental and it is in such studies that the 
ultimate solution of the mechanism of evolution must be sought. 

7. Pnop. L, F. DE Beaufort, Holland, 

When we consider the history of morphology we see that after Darwm 
morphology was merely concerned with phylogeny of organs and therefore 
the study of homology stood on the foreground. We have, I think, fairly 
got to the end in this way of investigation and now another way of looking 
at morphology has arisen, where the function of the organ is put on the 
foreground, which involves the study of the living animal. Analogies 
are studied now and I wish to point out the recent work of Boker, who 
started quite a new kind of comparative anatomy, which he calls Biological 
-Compa/redwe Anatomy* 

Dr. B. Prashad, Calcutta and others also took part in the discussion. 


X, BLOOD GROUPINGS AND RACIAL CLASSIPICA- 
TION. 

{Section of Anthropology.) 

The proceedings of the Anthropology section of the Indian Science 
•Congress began on Tuesday, 4th January, 1938 with an address of welcome 
by the President, Dr. B. S. Guha, to the foreign delegates and to those 
who had come from other parts of India. 

Before the routine work of the section began Mr. K. P. Chattopa- 
•dhayaya, Calcutta, moved the following resolution: — 

That this section records its deep sense of sorrow at the death of 
Diwan Bahadur Dr. L. K. Ananthakrishna Iyer, M.D. (Breslau), who was 
for some time the Head of the Department of Anthropology, Calcutta 
University, and whose contributions to Anthropology had won for him a 
recognized place among the leading Anthropologists of the world. 

The resolution was passed ■unanimously aU standing. 

As already arranged the discussion on ‘Blood Groupings and Btuiitxl 
Olassification ’ took place at 1-30 p.m. 


Blood Groupings and Racial Classification. 

The President, Dr. B. S. Guha asked Dr. E. W. E. Macfarlano to 
open the discussion. 

In opening the discussion Dr. Macfarlane referred to the rosearchos of 
the Eirschfelds who first drew attention to the high porcontago of B in 
Indians and to the descending values of B as one passes westwards from 
India. Similar proportions in Gypsies, Colonial communities and their 
relatives in the home country led many Anthropologists to think of blood 
grouping as a reliable rest of relationship. The speaker also pointed out 
that Group 0 was the oldest and original ancestral group. The group A 
appears to be very old while B appears to be of recent origin. The dis- 
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tribution of B has led Synder, Gates and others to conclude that the gene 
is not derived from the joint ancestors of the anthropoids and hominidse 
but has arisen in both as parallel mutations. 

In India there are distinct coeval races in every district ■which have 
been effectively isolated by the prevailing customs of caste endogamy. 
There are also communities possessing a preponderance of each of the 
throe aUeomorphic genes for blood groups. In south-west the low caste 
peoples have a very liigh proportion of group O, and the Hill tribes are 
righ in A. It has along been known that the greatest concentration of 
group B is in India, but only within the last few years has an attempt 
been made to got data from each caste and tribe from each locality 
separately. Those data are urgently needed and must always be appraised 
in relation to past migration, isolation, inbreeding and other physical 
characters of the groups. 

It is possible that serological data from India may throw light on the 
origin of the B gene and also upon the mutation rate. The frequency of B 
is greater among all the Bengali depressed classes, among the Todas and 
the ‘Dravidians’ of Chota Na^ur than in any other peoples. The Cochin 
State is the only region in India where the frequency of B is less than of A. 
The frequency of B is lower among the mixed population in Assam, Burma 
and Tibet than in the Ganges valley, and therefore if B arose independently 
among the Mongolian tribes it has spread west and south from China. 
In south Bengal the frequency of A differs little in all communities and B 
therefore seems to have originated as a mutation direct from O (or R). 
Mutations to B should still be going on in some stoclcs and wo may find 
communities with high percentages of group O and of B. 

Lastly, the speaker stressed the fact that miscegenation is now be- 
coming more common and it is important to get data as quickly as possible. 
Further the agglutinogens are supposed to have no selective valuos and 
it is very difficult to explain how B spread oast and west of India through 
hybridization. The speaker, however, concluded with the remark ttSbt 
blood grouping is an aid to anthropology; it cannot bo alone used for solving 
a relationship but must bo taken into consideration with other racial 
characters. 

Fbhr. vok Eickstbdt of the University of Breslau pointed out how in 
Germany they wore mainly concerned with zoological types and opined 
that blood grouping may determine physiological types and not the 
zoological typos of India. 

Pnonr. Rxjgolhs Ga.ths said that the blood groups are definite units 
whose method of inheritance is Imown. This gives then a groat advantage 
over all physical measurements as indices of racial relationships ; for such 
differences are not only quantitative and subject to fluctuations but the 
manner of their inheritance and for example, the relation of the cephalic 
or nasal indices to genic differences is at present largely a matter of 
conjecture. 

The use of the blood groups in cojmection with racial classification and 
relationship is largely based upon the development of the theory of 
mutation frequencies, as he has shown in Genetica, Vol. 18, pp. 47-66, 
1936. Like other mutations, they must occur repeatedly with certain 
frequencies which are low but they undergo changes. The evidence 
indicates that such changes in frequency are more l&ely to be sudden 
and marked than gradual. The evidence also supports the view that 0 
was the original condition in mankind from which A and B have been 
derived by dominant mutations of the order of frequency of perhaps 1 
in 100,000. Since parallel mutations are so frequent in other characters, 
it is not surprising if A and B have developed as parallel mutations in 
the Hominidie and the Anthropoidese. 

The speaker stressed the fact that in comparing the blood groups of 
different races the results need to be interpreted in terms of (1) isolation, 
<2) migration, (3) racial crossing. He also suggested that future blood 
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groups tests should be combined with anthropometric and other me^ure- 
ments in the same individual, since they will help in elucidating the history 
and relationships of races. 

Prof. Gates illustrated his lecture with lantern slides citing examples 
from India, Tibet, North Ahdca, Arabia and North America. 

Pnor. H. J. Flexjbe pointed out that it seemed desirable to him that 
the blood characters of the individuals should be recorded along with other 
physical characters of the same individual and he hoped that it was in 
that, the correlations which were not yet sufidciently demonstrated could 
be found out. 

Pbop. Crew mentioned that it was not impossible that blood groups 
genes might ultimately be used as genetic markers warning us of their 
association with lethal genes affecting, for example, the secondary sexual 
ratio and infantile mortality. 

Mr. a. AJSTAiTTHAJiTARAYiJsr Ayer said that the value of blood grouping 
for giving some evidence about parentage in medico -legal work and 
between two races living close together was unquestioned, but to use 
figures of blood grouping to interlink zoological races in different parts of 
the world seemed irrational. According to him it could only be of very 
secondary importance to other fundamental anthropological data. 

In summarizing from the chair Dr. B. S. Guha remarked that blood 
grouping must not be taken to supplant our views about racial relation- 
ships derived from anatomical characters but they should be considered 
as fumishmg valuable data of a supplementary character, specially of the 
physiological behaviour of different communities but exactly how they 
are related to other anatomical characters, we are not quite in a position 
to judge at present. 


XI. A PEOGEAMME OF AROH.®OLOGIOAL EXCAVA- 
TIONS FOE INDIA. 

[Section of Anthrojpology .) 

Discussion on ‘A programme of Archseologioal excavation for India^ 
took place on Friday, the 7th January, 1938 at 2 p.m. with Dr. B. S. Guha 
in the chair. 

In opening the discussion Rao Bahadur K. N. Dikshit said how 
Arohseology in earlier days, i.e., about 75 years ago was mainly confined 
to excavations here and there without any definite purpose and that it 
was reserved for Sir John Marshall to give it a systematic turn with a 
definite purpose. Referring to the epoch-making discovery of Molienj odaro- 
which opened a new chapter in the Mstory of India Rao Bahadur lamented 
how for want of sufficient funds ffom the Government for the last six 
years, nothing could be done except the preservation of the things already 
excavated. Citing a long list of the pre-historic sites still awaiting 
the spade on the archaologists, he urged the systematic excavations of the 
two sites of Harappa and Mohenjodaro, as they were likely to supply many 
of the missing finks in the cultural sequences of India. As regards the 
other pre-historio remains the speaker mentioned the Asura sites of Chota 
Nagpur, which are full of copper ores; the megafithic site in Burdwan, 
Bengal; the numerous (about 200 in number) sites in Peshawar, the birth 
place of the Grammarian Panini; the paleolithic sites in Central Proviuoes 
and other sites in Bombay Presidency, Maharatta country and Madras. 
Rao Baliadur concluded by saying that many things were being ruined 
surreptitiously and it was high time that systematic excavations should 
begin at once. He thanked the Government that at present it had placed 
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a comparatively bigger sum for archeological investigations and that he 
hoped that work would begin very soon. 

Mr. N. G. Majumdar who followed, impressed on the necessity of a 
complete survey of Sind and the contiguous state of Las Bela in 
Baluchistan. 

Rai Bahadur R. P. Chanda pointed out that ancient river beds, such 
as Saraswati, Sravasti and the river beds of Arabia might reveal many 
important discoveries. 

Mr. K. P. Chattopadhyaya said that the Arehacological Department 
should pay more stress on Pre -historic Archaeology and not allow outsiders 
to exploit the valuable treasures in India and urged that Government 
should take in Indian scholars trained both in Anthropological and 
Archceological works. 

Dr. M. H. Krishna also referred to the sites in Mysore and pointed 
out the similarity of Mysore discoveries with those of Maski in Hyderabad. 

Prop. Peake pointed out that it was time that we should depend on 
tho spades for truth rather than build theories on tradition and linguistic 
studies. According to him Indus civilization connects Indian prehistory 
with noighbouring regions and he urged on the utility of trial excavations 
in numerous sites with tho resources at hand. Ho also pointed out the 
necessity of arousing the interest of the rich people and said that teamed 
experts from Europe could be sent to conduct tho works of excavations 
if necessary. 

Prop. Fleure thought that excavations of the megalithic sites was 
very important specially in India where there were still people connected 
with megalithic culture. He was of the opinion that this might throw 
light on the pre-Aryan civilizations of India. 

Prop. Thomas was of opinion that India with her numerous pre- 
historic remains should be the centre of an Archteologioal Institution to 
which students should flock for training on the spot. 

In concluding the discussion tho President pointed out how originally 
Archaeology in India was concerned only as a department of history and 
confined itself mainly to the preservation of ancient monuments and the 
decipherment of Sanskritic and other written inscriptions. Prehistoric 
Archssology in the sense in which, it is understood in Western countries 
was not studied in India. With the discovery of Mohenjodam its 
importance has recently been somewhat realized, but this realization is still 
very partial. Vot tho proper study of Archseoloiay and a scientiflo recon- 
struction of the unrecorded history of India it is essential that the 
Archaeological Survey should he reconstituted into a department of 
Explorations and a department of the preservation of ancient monuments. 
In the former only people with Western training with experience of 
excavations in Europe and the Near East should be recruited to excavate 
and study the innumerable prehistoric sites in this country. With the 
materials thus recovered it would be possible to build up a correct account 
of the past history of this country. 


XII. THE IMPORTANCE OF ANTHROPOLOGICAL IN- 
VESTIGATIONS FOR INDIA. 

{Section of Anthrojpology.) 

Discussion on the importance of ‘ Anthropological investigations for 
India’ took place on Wednesday, 6th January, 1938 at 2 p.m:. under the 
Presidency of Dr. B. S, Guha, 
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In opening the discussion on ‘The importance of Anthropological 
investigations fbr India’ Rai Bahadur S. 0. Roy of Ranchi pointed out 
that anthropological investigations should no longer be considered as a 
pleasant diversion. It is time that proper attention be paid to this 
•direction especially in India when her administrative systems is undergoing 
a change calling for a definite well-considered scheme for the promotion of 
■economic, educational and social interests of her aboriginal population. 
The different universities of India do not seem to be very alive to the 
importance of the study of anthropology. It is only in the Calcutta 
University that Anthropology has been accepted as a subject for post- 
graduate studies and the univeraities of Mysore, Luclmow and Bombay 
have introduced it partially in the post-graduate studies in recent years. 

TJptiU the present, neither the Central nor the Provincial Govrerninents 
appear to have paid any particular attention to this matter or at any rate 
to have formulated any definite policy regarding it. In Europe, 
Anthropology is a compulsory subject for the Civil Service Examinations 
specially for those who are competing for Colonial service. But in the 
Indian Civil Service Examination although it was originally an optional 
subject, it is now omitted from the list of subjects for the examination 
held in India. Rai Bahadur Roy stressed the fact that many primitive 
tribes were dying out and a proper and thorough enquiry into then 
•customs, institutions and mentality was urgently required. Administra- 
tive, moral and humanitarian points of view denaand that Government 
should grant adequate funds for the study of the backward and excluded 
and partially excluded areas. Fortunately the Government of Bombay 
has in the year 1931 made a gesture in this direction. An attempt is 
being made there to ameliorate the position of the backward and depressed 
classes by appointing special officers and spending on an average Rs.35,00() 
a year. 

Rai Babadub. Roy showed from two specific instances from Ohota 
N^ur how the want of a proper knowledge of the institutions of the 
primitive people in several caees led to misunderstanding in the minds of 
the Government officials and how a serious riot was avoided by handling 
the people with tact and wisdom born of a knowledge of their mentality, 
customs and beliefs. He concluded by showing the importance of 
Anthropological study in national life ; how a proper understanding of the 
different peoples, prinoitive and advanced, might supply a bond of unity 
between the different communities and ultimately in the realization of a 
common nationhood. 

Mb. K. P. Chattopadhyay who spoke next pointed out what an 
extensive area in India still remained unstudied. He referred among 
■others to the work specially of Rai Bahadur Roy in Ohota Nagpur area 
and of Br. Hutton in Assam, , He thought that a proper understanding 
of the material culture and economic condition would help the formulation 
of a proper scheme of national education. He also pressed the need of 
^ e^dension of the study of Anthropology. 

Babon von Eiokstbdt said that so far as biological anthropology is 
concerned very little has been done so far in India but ia social anthro- 
pology a somewhat greater progress has been made. 

Mb. a. N. Chattebji thought that the anthropology of the higher 
c^tes was as important as that of the primitive tribes. A proper study in 
his opinion would help us in solving many of the maladjustments of the 
middle class. 

Pbof. Fueubb pointed out the large amount of anthropological work 
particularly on the Castes and Tribes done in India. In England there 
has, in recent years been an attempt to understand Indian condition and 
after his return Dr. Hutton was given a Professorship in the University of 
•Cambridge in recognition of his work in India. What was needed now 



Part IV — Discussions. 


43 


was to approach the Government of India and to lay stress on the 
importance of anthropological studies for administrative purposes and 
get it re-introduced as a subject in the Indian Civil Service. He promised 
to do his best both in England and India on this matter. 

Pbof. Peake also pressed the necessity of the study of the middle 
and upper classes along with the study of the primitive and lower classes. 

In summing up the President said that the necessity of anthropological 
investigations from both the social and physical points of view was very 
gi’eat in country like India inhabited by so many races of diverse cultures 
and languages. It is only through the study of anthropology and not 
by any amount of pious wishes could those divergent and hetrogenous 
elements be welded into a nation with common national outlook and 
ideals. 

Resolutions : 

In the meeting of the Anthropological Section, 25th Indian Science 
Congress on the 8th January, 1938 the following resolutions were passed: — 

Prof. H. J. Pleure, F.R.S., of the University of Manchester, moved 
that : — 

‘This conference is of opinion that in view of the urgent necessity 
of an intensive study of biological traits and social institutions of primitive 
as well as of advanced peoples and cultures in India, it is essential that 
the Universities and Provincial administrations should make adequate 
provisions for the teaching of and research in Anthropology.’ 

‘That in order to promote such work, the Central Government be 
requested to give an independent status to Anthropology as a department 
of research.’ 

Prof. Baron von Eiclcstedt of the University of Breslau seconded the 
resolution. 

The resolution was carried unanimotisly and it was decided to request 
Dr. B. S. Guha to draft a reasoned statement in support of the resolution 
which could be forwarded by the Executive Committee to the various 
authorities concerned. 

Prof. P. W. Thomas of the University of Breslau moved the next 
resolution; — 

‘That for proper research in Archjcology it is necessary to have a 
Central Institute of Archaeology and Anthropology in India on the hne of 
such institutions of Europe and America as problems of prehistoric archaeo- 
logy and Anthropology are largely interdependent and common and 
should be studied together. ’ 

Mr. N. G. Majmndar seconded the resolution and was passed 
unanimously. 


XIII. IMMUNITY IN PROTOZOAL INFECTIONS. 

(Section of Medical Besearch.) 

The discussion was opened by Dr. Krishnan. 

Capt. S. Datta referred to the existing protozoal diseases of domestic 
stock of India and surveyed the present position. He emphasized the 
general observation that Indian livestock can withstand protozoon infec- 
tions better than European or other stock imported into this country. 
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Due to this relative immunity of ludian cattle, they have found favour iu 
different British colonies and Dominions. The resuscitation of protozoon 
parasites like Coeoidia, Tiypanosoma, and blood parasites like Babesia, 
NutaJlia, etc. following upon diseases of virus and other origin is con- 
stantly seen all over India and must be an important aspect of the study 
of host-parasite relationship. With the recently organized Section of 
Protozoology at Mukteswar Institute, the study of the larger issues of 
Protozoal Immunity has been commenced. 

Dk. ViSHWAiTATH Said that the connotation of the term immunity 
differs according to whether you are talking of virus, bacterial or protozoal 
infections. Against the viruses an immunity of long duration is usually 
developed and passive immunization is also effective. Complement 
fixation can also be demonstrated easily. The immunity against bacterial 
diseases in general carries a shorter duration, passive immunization is of 
not the same strength as in virus infections and is capable of being assessed 
by search for antibodies in a ^eater variety of ways. Immunity against 
Ptotozoal diseases is not only incapable of passive transference and rather 
difficult of assessment through search for anti -bodies but by virtual 
absence of active immunity arising through infection. This absence of 
acquired active immunity may be due to the Protozoa as members of the 
a n i mal k^dom not representing as strong a foreign protein as bacterial 
fiora or viruses do. Apart from control of insect vectors we m\ist look for 
prophylaxis and treatment to immunological products for both active 
and passive immunization. We must also look to chemotherapy for the^ 
control and cure of protozoal infections. 

Db. Ghosh said that there was hardly any quantitative leucocytic 
response in most of the protozoal infections and this is a significant 
difference between Bacterial and Protozoal infection. It has been found 
that by artificially inducing leucocytons by ‘Gool’ (a primitive indigenous 
method of inducing leucocytosis) umdoubtedly the treatment by chemo- 
therapy, particularly in oases of Kala azar, can be greatly modified. 

Another aspect of protozoal infection is that in cases of amoebic 
infection at least, there is certain amount of loss of power of producing 
anti-bodies against bacterial infection in the host. This was observed in 
several oases of chronic Staphylococal Eczema which could not be cured 
either by vaccine or by chemotherapy. Amoeba having been detected 
in the stools, a course of emetine with vaccine cured all those cases of 
Eczema. 

Db, SeaIj said that he would like to know whether the so-called 
protozoal immunity is a resistance to super -infection or a real immunity 
^d whether this resistance or immunity is more manifest in malaria or 
in Blala azar. It is found that after repeated attacks of Malaria up till 
the age of 12 properly treated or not, a certain amount of immunity is 
acquired but still the person may remain susceptible to it whereas a person 
once cured of Kala azar rarely gets a second attack except in a very limited 
percentage of cases; cases, completely or iucompletely treated, remain 
highly refractory and suffer fix)m a condition called Dermal leishmanoid 
or Dermal leishmaniasis first noted by Sir IT. N. Brahmachari. 

Db. PouIiTON stated that after the treatment of G.P.I. by Malaida, 
it w^ in England quite easy to stop the infection with a single dose of 
quinine. In India, he was informed that it is difficult to stop attacks, 
^e En glishman in India is even more susceptible than the Indian. Is 
it a question of climate ? It would be worth comparing hill stations with 
the plains, etc. 

Db. Ganguu: said that he had foimd response to treatment by quinine 
and atebiine varied in different persons, a few reacting very quickly and 
others taking a much longer time, but it had been found that when once 
the blood had been sterilized with atebrine as confirmed by Bass culture. 
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the patient did not usually get a relapse. The experiments of Short and 
others show that even if the blood is sterilized by acridine or atebiine, 
relapses would immediately occur in a week or two. The effect of the 
drug has also been found to vary according to the constitution of the person, 
climate and altitude. 

Kegarding immunity response in Leishmaniasis, Brahmachari was 
the first to discover that the Euglobulin factor which is closely associated 
■with immunity, was much increased in the blood of persons suffering from 
Kala azar. This discovery was not carried far regarding its value for 
immunity but was utilized as a test for the diagnosis of Kala azar, the 
chemotherapeutic measures with pentavalent antimony compounds being 
found to be more efficacious in reducing the incidence of the disease. 

In amoebiasis too, it is found that although the symptoms could be 
quickly controlled by a few injections of emetine and some arsenical 
compounds, the ultimate eradication of the disease rests on the immunity 
of the person. 

Bb. Das Gupta said that as a result of investigations carried out 
with regard to the development of immunity in plasmodial infections, the 
conclusions arrived at by the spealcer were as follows : — 

Tolerance to reinfection with the same strain of P. Knowlesi in rhesus 
monkeys may be developed by repeated inoculations of the parasite 
combined with inadequate treatment. It (tolerance) depends upon the 
existence of scanty parasites in the body of the monkey ; when the infec- 
tion is entirely got rid of the animal becoxnes quite as susceptible as an 
untreated subject. 

From analogy it is not unreasonable to suppose that in the case of 
human plasmodial infections acquirement of protection against further 
infection is associated with the prosonoe of the parasite in the body of the 
individual. And when the infection dies out tolerance to reinfection also 
disappears, thus showing the temporary protection acquired is far from 
being tnxe immunity. 

Dr. OiiATTBBJBB raised the question of the relation between protozoal 
infection and its antagonism to various other infections. There is the 
wellknown immunity of Malaria and certain forms of nerve-syphilis. 
Whether a similar relation exists between Malaria and Plague wmch is 
conspicuous by its absence in Bengal and which is prevalent in other 
parts of India in cold and dry months of the year when the mosquitoes get 
the least chance to grow. 

The speaker also referred to a very neglected subject, that is, the 
role of rod cells in the production of immunity especially, in Malaria. 

Ho also raised the question of the source of globulins that are increased 
in Kala azar and other conditions. 

Db. Dutta observed that ; 

1. A point has been raised that malaria can be easily treated in 
England and not in India. In veterinary practice a similar condition is 
found at the Imperial Veterinary Besearch Institute, i.e. Babesiasis in 
cattle can easily be treated in the plains by means of TrjTpan blue whereas 
at Mukteswar the same infection does not respond to Trypan blue and 
other Chemotherapeutic agents have to be resorted to. This drug- 
fastness may probably be one of the factors in the case of Malaria in 
India. 

2. In Veterinary Practice Protozoa do not appear to give rise to the 
production of anti-bodies in the animal system to an extent which would 
enable the use of serum for prophylactic purposes with so great a success 
as one fbads in bacterial and virus diseases, though enough anti-bodies 
do develop which can be easily detected by means of serological tests. 
The latter fact is made use of in the dia^osis of various protozoon diseases 
•especially Dourine in equines. Experiments have been carried out at 
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Mukteswar to prepare au anti-serum against Bovine Theilericasis but the 
results were not very encouraging as to put this product on the list of 
saleable biological products at Mukteswar. 

3. In equine trypanosomiasis the use of Bayer 205 alone or in com- 
bination with Tartar Emetic overcomes the infection on account of the 
chemical action of the drug on the parasite but again the dead parasites 
act as antigen and produce active immunity. 

4. Acidophilus cultures (long life bacillus) are made use of in avian 
coccidiosis. It lowers the pH. of the intestinal tract and the increased 
acidity keeps the coccidia under check. 

6. In Babesiasis in cattle there is age resistance (resistant in young 
age) and in infected places the young cattle get the infection and overcome 
it and remain resistant for the rest of their lives. In this case there is a 
‘ Carrier immunity 


XIV. NUTRITIONAL DISEASES IN INDIA. 

(Section of Medical Resea/rch, in co-operation with the Society of 
Biological Chemists, India,) 

Prof. H. Ellis C. Wilson, Calcutta, opened the discussion. 

Db. Probadh Ch, Das said that there are some manifestations during 
pregnancy such as stomatitis, gingivitis, ptyalism, pruritus, herpes zoster 
and cramps in legs, which were formerly classified as due to toxaemia of 
pregnancy have now been definitely proved to be due to deficiency of 
certain food products which are necessary for the maintenance of good 
health. He would like to ask Dr. Wilson if he has any experience about 
these diseases in India. 

Dr. Harpikab asked wherefrom the vegetarians get their different 
food factors, the deficiency of which gives rise to deficiency diseases and 
which it is suggested to make up by adding animal foods to the dietary. 

Dr. Ohatterji said that height varies according to ceistes. IBrahmins 
in general show a greater height than others and Moslems a shorter height. 
Sea board districts of Bengal show a shorter height and the northern 
districts a medium height. The districts with laterite soil show a shorter 
height. The average height is greater in Eastern Bengal than in Western 
Bengal. 

Dr. Seal said that the pomt which he liked to stress is that apart 
from the clearly defined deficiency diseases there aro, in India, many 
maladies which though not regarded as of malnutritional origin, should 
be considered to be due to a suboptional condition of nutrition. This 
subclinical state of deficiency is the primary cause of general ill-health and 
lowering of resistance of the various races and nationalities represent^ 
in India and is indirectly responsible for the most severe ravages of the 
country by variety of diseases such as malaria, kala azar, tubercxilosia, 
leprosy^ cholera, gastro -intestinal disorders, anaemias, diabetes, dysen- 
teries, etc. The possible relationship of tuberculosis, leprosy, epidoroio 
dropsy, respiratory diseases, and gastro -intestinal disorders, e.g. diarrhoea, 
dysentery, cholera, peptic ulcers, to dietetic deficiency ma.y bo very well 
represented. It may also be suggested that the incidence of other general 
diseases such as Malaria, Kala azar, etc. is to a certain extent dependent 
upon the nutritive factor as well. The solution of the problem of preven- 
tion of diseases in India is therefore one of improvement of conditions of 
living as of food supply of the people by improvement in the methods of 
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agriculturo, animal husbandry and industry and lastly by restraint on 
reproduction. 

Dr. Charttbrata Hoy said that a typo of cases are seen which seem 
to be due to deficiency of vitamines. These cases come with jaundice, 
night blindness and marked pathological condition of cornea and the vision 
is much impaired. 

On examination, the blood picture is that of anjcmia with about 3 
million R.B.C. and 45 to 50% of Haemoglobin (6*3 to 7 gms. of Hb) Van 
den Bergh’s reaction is positive both direct and indirect but the bilirubin 
content is not very high — 3 or 4 units only. The R.B.C. in this case 
instead of showing more fragility than normal as one would expect in 
cases of jaundice were less fragile than normal (Hocmolysis taking place 
with 0-10% Nad). 

Administration of Cod Liver Oil did remarkable good to these cases. 
In course of 15 days, the whole picture changed and they got cured, in a 
very short time. 

Dr. O'. N. Maitra observed that a villager after suffering from night 
blindness for over 2 months (after a cure of Kala azar and Malaria) was 
put on an improved diet of milk and fish for 10 days and he left Calcutta 
cured. 


XV. THE PRACTICAL POSSIBILITY OF BREEDING 
IMMUNE STRAINS OP DOMESTICATED LIVE- 
STOCK. 

{Section of Veterinary liesearch.) 

[No report of the discussions has been roceivod.] 


XVI. PHYSIOLOGY OP THE INDIVIDUAL IN HEALTH 
AND DISEASE. 

{Section of Physiology.) 

In the absence of the President Col. K. N. Chopra, Prof. Winifred 
('ullis of London, took the cliair. 

1. Dr. B. Mukkbjx (All-India Institute of Hygiene) opened the 
discussion. 

The term Health has never been defined adequately as it is such a 
vai’iablo quantity. It is not merely a negation of illness as is generally 
believed, but also means something positive. The full use and control of 
the mental and i.)hysical functions, a vigorous constitution and bodily 
woU-being ore the characteristics of a healthy man and these would require 
the correct and normal functioning of the different parts of which the 
individual is composed. 

Mail, in a great many vital functions are actively and quickly 
responsive to the inlluencos of physical environment. Body growth, 
si)oed of development, vigour and energy level, resistance to infection, and 
many other of his functions are dominated by the stimulating character 
of the climatic environment. 

Climate consists of a largo number of components, like temperature, 
wind, sunshine, seasons, moisture, storms, etc., of which medical science- 
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stiU knows very Little, although it is probably one of the most important 
factors in the life of man. Climate has a direct effect upon health and 
an indirect effect through food, incidence of disease and mode of life. 
H-untington in his book on ‘Civilization and climate ’ endeavours to show 
that all the progressive races, which are distinguished by high energy 
level, civilization, and achievement in practical, scientific and intellectual 
spheres, live in particular types of climates which are characterized by 
their variability and their comparatively low mean temperatures. He 
contends that the old civilizations actually existed in such climates and 
that the decay of these civilizations was due to a gradual change of the 
climate to an equable or sub-tropical nature. In olden times the optimum 
climate was almost certainly further south than it is at the present time, 
and the view that Arabia, Syria and Mesopotamia once possessed a climate 
differing considerably from that of today is rapidly becoming accepted. 
Although the mean temperature in those countries may have altered little, 
there is hardly any doubt that they had abundant rain two thousand 
years ago, as, though now desert, they were then richly fertile and able to 
support many millions of people. According to him, civilization and 
progress unquestionably influence health, and health has an effect on 
energy, but neither of them can conquer climate and it seems certain that 
climate, therefore, must influence civilization, health, energy, etc. 

Huntington’s claims are not entirely fanciful and theoretical. 
Evidences of a biological natxire are now accumulating, m increasing pro- 
portions, which point unmistakeably to the deductions made by 
Himtington on geographical and other groimds. Amongst the most 
fundamental of the indices of individual or mass welfare are those of 
growth and development. Incidental disease usually acts to depress those 
indices, but probably of greater importance is the increased susceptibility 
to disease that come with suppression of ^owth through such factors as 
deficient diet, lack of sunlight or debilitating chmate. It had been 
recorded from extensive statistical studies that the growth in both height 
and weight of children is rapid in northern tJ.S.A. and North Central 
Europe, and drops sharply in the case of children in Italy, still more so 
in the Philippines and in Japan. These differences would at once raise 
the question for many people as to the racial differences in body-build, 
but they also raise the question whether such racial differences may not 
be beisicaUy those of diet or climate acting through the centuries. It is 
a well-known fact that Japanese, Philippinos, or Italians brought up in 
the climate of the northern United States showed a stature and body 
weight distinctly superior to those of the people remaining in their home- 
land. This improvement has been attributed by one group of workers 
to better economic status, and more ample diet. But apparently this 
explanation cannot be considered completely adequate. Studies on the 
growth of laboratoiy animals under well controlled conditions have shown 
clearly the climatic dominance over growth even when the diet was entirely 
adequate and held constant for aU experimental groups. At least a pre- 
sumptive basis was thus afforded for the belief that the slower body 
-dev^opment in Indian children might also be due to the depressing moist 
heat of this country, and not primarily to a dietary deficiency. 

Then again, there are definite evidence of physical deterioration in the 
tropical climate. From extensive statistical analysis of life expectancy, 
it has been shown that the majority of the tropical inhabitants reach old 
age when Europeans have barely attained middle age. In England, 
presbyopia due to progressive weakening of internal eye muscles becomes 
manifest at the age of fbrty-five and even later, whereas among the tropical 
races it comes on at about the age of thirty -five and even earlier. The 
same is true of senile cataract (a degenerative change in the lens of the 
•eye causing opacity), which occurs more frequently and develops earlier 
in those people who inhabit hot countries. In the United States, factory 
statistics prove that in the south the power of sustained energy is lower 
than in the superior climate of the north; and also that the power of mental 
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^nd physical energy of those immigrants, and their descendants, who have 
<jome from an infeiior climate, although improved, remains lower than 
that of peoples who have immigrated from a superior climate. 

Those evidences, taken together with the observations made by the 
learned president in his ‘Presidential Address’, leave little room for 
doubt that climate exerts a definite effect on the physical and physiological 
mechanisms of the body. The tropical individual is exposed to climatic 
•changes which are different from those affecting the inhabitants of the 
temperate climes and hence the physiology of these two groups of in- 
dividuals may be different. This viewpoint is important in the treatment 
of disease. Unless tho normals are known for tropical people, the inter- 
pretation of many biophysical and biochemical alterations in the body 
•fluids in different diseases will be subject to serious fallacy. 

2. Br. B. B. Dikshit (Haffkino Institute) said that there is reason 
to believe that there is a certain amount of change in the physiology of the 
individual in disease. This is illustrated by the fact that the physiological 
action of some drugs like the antipyretics is different in health and disease. 
His own observations on the choline esterase content of blood in toxssmia 
have shown that in toxaemia such as induced by plague infection (J5. peetis)^ 
there is a marked reduction in choline esterase values of animals. These 
values come back to normal after nat\iral or artifleial recovery. As 
■choline esterase is concerned in regulating the action of acetyl choline 
and as acetyl choline is so very important in regulating tho physiological 
activities of tho body, tho reduction in choline ostoraso values of blood in 
•disoaso is signiflcaiit. 

3. Mb, N. K. lYENaAB (Institute of Hygiene) suggested that a study 
•of the in vitro action of choline ostoraso on susponsions of B. postU or in 
similar typos of toxiomia sho\fld bo done with a view to ascertain how this 
process of detoxiflcatioiA takes place through choline esterase. This will 
tiu’uw light on Hr. Bikshit’s obsorv^atious on tho diminution of cholone 
■eHtoroHO contiMit of blood in toxuuiuc procoBses. 

4. Pbof. W. Stbaub (Munich) remarked that tho range of physio- 

logical activity is within wide limits and the body con gradually adjust 
itself to changed conditions which in ordinary oiroumstanoes would prove 
fatal. Those who are accustomed to taking beetle nut in India, habitually 
take an amount of arecolino which will provo highly injurious or even 
fatal to those who are not at all accustomed to it. Ho further remarked 
that cUimato must havo an important pax*t to play in both physiological 
and conditions. Tho Englishman, for example, always 

take tea as their bovorag(^ and tho Arabs, Ooffoe. This has been usually 
explained on the easy availability of t^ach bovorago in tho rospective places. 
While working (ui tixe pharmtuiology of those drugs particularly with 
rtfforonco to thoir inotabolisin and exci’otion, ho found that coffoo is easily 
broken down in tho system and is rapidly oxcrofcod, wlioreas tea stays for 
a longer x^oriod in tho system and takes a longer time to bo oxcrotod. The 
liabit of tlio Englishman in stioldug to toa instead of adopting coffee, is 
XJrobably duo to this knowledge instiiu^tivoly gained. The cold climate 
ill England [xiHsibly demands a longer i^mulation wliich naturally is not 
ii(^od<3<i in Arabia. 

5. Bn. Mib Ma^isub Ali (Institute of Hygiene) remarked that it 
will bt3 of groat advantage if this asx)Oct of x^hysiology was given more 
attention to. 

0. Db. B. B. Sabkab (Calcutta University) pointed out that man is 
dopondorit for his very oxistonco on his power of adaptation to tho environ- 
mental changes, not only external to iiis body but also internal, i.o., the 
environment of his body colls. His two sots of regulators — the nervous 
syHtern with tho receptors and the endocrine system help him to adjust 
himself to now conditions. In disease the body trios to adjust itself to the 

4 
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changed conditions, to which the system of the individual has been 
exposed, so as to carry on the physiological process. Pathology can thus 
be described as abnormal physiology or the physiology of disease. 

7. Dr. E. P. PoxjLTOiT (London) reminded the audience that the 
physiological standards vary in different conditions. The average weight 
for height standard which is taken as normal in the ease of persons above 
fifty, even by the Insurance Companies is not correct. It has been found 
by statistical analysis that persons whose weight for height values at this 
age are below this average fi^re, live longer than person whose values 
confirm to this average or is higher. 

8. Dr. K. VB 1 TKATACHALA.M (Madras) remarked that the definition 
of a physiological constant is difficult to give, as the human system is 
constantly adjusting itself to environmental changes. He gave evidences 
of various diseases where a distinct predilection to climate was noticed. 
Angina pectoris, hypertension, diabetes, nephritis, leprosy, etc. have been 
de&iitely shown to be predicated by climatic changes. Certain diseases 
occur more frequently in a cold climate and during the winter while other 
diseases are definitely more pronoinent during the summer and hot climates. 


XVII. DIET AND ADAPTATION TO CLIMATE. 

[Section of Physiology, in co-operation with the Society of 
Biological Chemists, India.) 

1. Prop. H. Ellis C. WiLsoisr, Calcutta, opened. the discussion. 

The question of diet and adaptation might be looked at in two ways. 
Did a man adapt his diet to the environment, or in how far was food in 
any particular region of the world suited to man’s needs ? 

Buckle in his ‘History of Civilization’ written nearly 100 years ago 
pointed out that Nature provided fat which had a high energy value in 
the Polar regions and starchy foods at the Equator. This viewpoint 
appears now to be borne out by recent experimental data. Ifoods rich in 
starchy material tended to keep the body more saturated with a reserve 
of mobile filuid which was evaporated from the skin and helped to keep 
the body cool in a tropical climate. The two cereals, rice and wheat or 
atta, offered a somewhat similar picture. Wheat was consumed in the 
temperate and sub -tropical regions and rice in, the tropics. Investigations 
in the human subject had shown that rice, in contrast to ‘atta’ (wheat 
flour), provided the body with a greater reserve of mobile fluid both for 
evaporation from the skin and excretion by the kidney. Further, rice 
contained somewhat less minerals than ‘atta’. These two properties 
probably rendered those who consumed rice less liable to deposit stone in 
the bladder than those who ate wheat. It was well known that this condi- 
tion was commoner in the Puiy^b where ‘atta’ was the staple cereal, 
than in Bengal. 

These few observations would tend to rescue rice and its unpleasant 
associations with beriberi and possibly epidemic dropsy from the harijan 
(untouchable) position it tended to hold in cereal society. 

2. ^ pR. B. 0. GtJHA (University College of Science) remarked that in 
detepnining the^ quantity of protein that should be consumed in the 
tropics, the specific dynamic action of protein should be considered. In a 
tropical country it would seem, from a priori consideration, that the 
quantity of protein required for optimum nutrition may be less than that 
required in temperate climates. It should be emphasized, however, that 
the consumption of protein of higher biological value should be encouraged. 
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As regai’ds iron, it has been foiind that the daily intake of ionisable iron 
por head by the students residing in the college hostels in Calcutta 
\’aries between 4 ing. to 7 mg. which seems to be slightly lower than 
the optimum quantity which has been recommended. As regards vitamin 
C, considering the lower basal metabolism in India, it is probable that a. 
smaller quantity of vitamin C, may be necessary in India than in colder 
climates. It is dillicult to give any authoritative opinion on these findings 
at present. When nutritional standards for India are determined many 
such problems will bo clarilled. 

3. Paof. N. M. Basu (Presidency College) remarked that the quantity 
of protein that is taken in some jiarts of India is indeed low, for Beliareos 
and people of U.P. are mostly vagetarians. But the curious fact is that 
labourers in Calcutta, who possess very good physique and are indefatigable 
workers, are mostly people recruited from these provinces. How are we 
t(3 explain this ? Is it then possible that essential amino -acids are formed 
in their bodies. This being the case, the biological value of proteins should 
not bo given so much stress, as is done. Berg also raised similar questions 
in Germany. He has shown that the amount of protein taken may be 
reduced to a considerable extent, if the acid-base balance in the food is 
maintained and if the person is accustomed to a low protein diet. 

4. Db. H. N. Chattekjee (Carmicha3l Medical College) remarked 
that haemotological findings carried out by liimsolf showed definite 
abnormal values in females, specially in mothers. The number of anasmia 
cases wore remarkably more numerous in females than in males. Possibly 
this might be duo to their food habits as it is the custom of the Hindu 
housewife to take hor meals after the other members of her household 
have fed, and it is not unlikely that the women folks actually get leas 
nutritious material from the already poor daily diet of an average Bengalee 
household. 

5. Db. S, N. Roy (Carmiohcel Medical College) remarked that an 
increased carbohydrate uptake will induce a greater output of water both 
by the kidneys as well as by the skin, resulting in the greater washing out 
of the body tissues and depletion of soluble mineral salts. As Indian 
dietaries are deficient in many mineral salts specially calcium, this greater 
output of water by the body may be harmful. This lower intake and 
greater outflowing of calcium from the system may explain the shorter 
stature of rice eating inhabitants of India. 

(J. I)b. J. Q. Pabekii (Bombay) renoarked that it is generally agreed 
that tlio Basal metabolic rate is lower of the Indians as compared with the 
Western Standard. He has farther observed that vegetarians have a 
k)Wor Basal metabolic rate on an average about 3% lower than those 
who take meat diet. The majority of Indians are vegetarians and this 
vegetarianism is perhaps physiological and an adaptive mechanism to the 
demands of a tropical climate. 

7. Bb. B. B. Sabkab pointed out that in a particular locality, 
inlxabitants apparently have, from long experience extending over genera- 
tions, ovolvod a dietary suitable for the particular conditions of 
temperature, cUrnato, hrunidity, available food materials, etc. of the 
country. This dietary history of the people has an important hearing on 
their nutrition but unfortunately this aspect of the question has not, as 
yet, received the proper attention of physiologists. Classes of people 
accustomed to take high carbohydrate diet for generations have a different 
nutritional history from the classes of people who have been living on a 
lii^ protein diet. The dietary habits of the people should be taken into 
consideration when devising their diets. 

8. Bb. B. Mukeeji remarked that Dr. Wilson has referred to the 
superior water-binding power of the carbohydrates and the role it plays 
in water metabolism and water exchange from the body. In this con- 



52 


Twenty-fifth Indian Science Congress, 


nection he would like to enquire whether there was anjr difference betw:een 
the water-retaining capacity of ‘rice’ and ‘atta’. Rice is the staple diet 
in Central and South India whereas ‘atta’ is the important food in the 
Northern parts. Whether this habit of rice eating in certain parts of 
India and ‘atta’ eating in other parts have anything to do with heat 
regulation phenomena ? The humid heat of Central and Southern India 
would exert a severer strain on the phenomena of water exchange. 

9. Dr. B. Naraya-Tsta (Patna) remarked that heredity may play an 
important part in the health of an individual living on a particular diet. 
There are families who have been vegetarians for generations and who have 
been living on very low protein diet and that too of low biological value, 
are keeping good health and living to a good old age. It is necessary 
that statistical observations be made on the subject with a view to finding 
out if heredity at all is responsible for adaptation to a particular diet. 

10. Dr. Yoi)H (Bombay) pointed out the importance of the economic 
factor in the study of diet. . 

11 . Dr. D. Mitter (Institute of Hygiene) remarked that for supply- 
ing biologically complete proteins to the poorer masses in India, it would 
appear that one should aim at supplying more varied proteins through 
vegetable sources supplemented with a Httle milk or egg, because it is 
found that absorption of protein takes place better at basal levels. 

12. Dr. D. Bastj (Calcutta) said that to maintain the Normal 
Haemoglobin level in infants they should be given ‘Balo ’ (curcuma zeodoria) 
as this cereal is rich in iron. 

13. Dr. Mir Maitsur Ari remarked that in diet and nutrition apart 
from environmental factor, the psychological factor cannot be ignored. 
It has been observed that students living imder the same environmental 
conditions and taking the same food, have different nutrition standards in 
health. This may be due to the suitability of a particular type of food 
to the fancy of a particular group of students . This ‘ liking ’ factor probably 
■operates through the digestive system and selective absorption. 

14. Dr. Neil Edwards (Institute of Hygiene) suggested that the 
low figures for Ha 2 moglobin which has been observed by some workers in 
Indian women may be due to the fact that those cases were not in good 
health and that pregnancy and lactation may have unfavourably affected 
the findings. In a small series of haematological studies carried out on 
healthy young women (buoyantly healthy) in Calcutta, the findings com- 
pared favourably with the standards mentioned in the literature for British 
women. There does not seem therefore to have a great difference between 
the blood picture of women in the two countries. Before pronouncing 
any opinion on minute differences, the factors due to disease, etc. slxould 
be completely eliminated. 


XVIII. CONTRIBUTIONS OF ABNORMAL PSYCHO- 
LOGY TO NORMAL PSYCHOLOGY. 

[Section of Psychology.) 

Dr. 0. Bose presided. 

1. Dr. S. C. Mitra, Calcutta. 

Various factors contributed to the rise of modem psychology towards 
the end of the last century. Since the establishment by Wundt of tho 
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first Laboratory in the University of Leipzig, psychology has been making 
steady progress. Of all the events in the world of thought that have 
influenced the course of the psychological science the rise and progress 
of abnormal psychology has been the most outstanding one and the most 
effective. Psycho-analysis is the most comprehensive of all the prevailing 
schools of abnormal psychology. 

Behaviourism and psychology have entirely different universes of 
discourse. Therefore the former is constitutionally unable to take the 
place of the latter. Behaviourism cannot properly be considex’ed as a 
mental science. There is an absence of dynamic principle in ‘ existen- 
tialism The principles of ‘ existential ’ school lead to pure abstractions 
which bear no contact with the realities of life. The methods of mental 
measurement are sometimes able to render practical help in certain concrete 
situations of life, but they are no guide to the understanding of the intricate 
problems of mind. The principles of Gestalt psychology give a good 
phenomenological description of mental states and functions. But 
personal subjective experiences are characterized by a peculiar feeling of 
intimacy and therefore we cannot remain satisfied with merely pheno- 
menological descriptions. 

Psycho-analysis gives us not only a better and more thorough expla- 
nation of each of the psychological phenomena traditionally treated in the 
text-books, but also of other normal psychical expeidences usually 
neglected in them. In addition it supplies us with a method by following 
which we are enabled to reach the innermost core of a person’s psyche. 
The objection that the conclusions of psycho-analysis are based on observa- 
tion of abnormal mind and therefore are inapplicable to the processes of 
normal minds, does not hold. There is a continuous gradation between 
accepted normality and proved abnormality and the only criterion of 
normality that wo can adopt is what Bose has laid down, viz., harmony 
with tho social standard of the place and with the time. It is legitimate 
to assume that tho principles governing the inner mechanism of all minds 
are tho same every where and whether the manifestations of a particular 
one should be dubbed normal or abnormal would depend purely on external 
considerations, viz., the social standard. 

Psycho-analysis has widely extended the borders of psychology by 
revealing regions of the mind hitherto not traversed or not thought lit 
to be traced. Dreams, misplacing of objects, forgetting of names and 
hundred other similar occurrences, are normal psychological phenomena, 
but in pre-analytical days they were not given their dues in the text-books. 
Psycho-analysis has given precise definitions of the terms unconscious, 
subconscious, etc. It has demonstrated tho immense influence that the 
Unconscious exerts on all psychological experiences. It has made si^i- 
fleant contribution in the sphere of memory. One of its conclusions 
regarding tho influence of the Unconscious has been experimentally and 
verified by Maiti in the Laboratory of Calcutta. Bose’s theory of action- 
attitude gives a better explanation of illusions. Another great achievement 
of psy(sho -analysis lies in the domain of feelings and emotions. The 
ambivalence of feelings, the ways of transformations of emotions, the 
complexes, and conflicts and their influence on the developrgent of 
personality, the r61e of emotions in the early life of the child are but some 
of the most important contributions that have been made by psycho- 
analysis to psychology. In spite of the protestations of many the discovery 
of the sox instinct and of sex emotions in children by which is meant not 
only the presence of these in the children, but their gradual development 
through tho various stages, beginning from the polymorphous perverse 
stage in infanta to the normal heterosexual stage in the adults is one of 
the highest achievements in the study of man’s mind and is bound to 
be recognized sooner or later as one of the greatest discoveries of the age. 
This discovery has entirely changed tho outlook of the teachers and 
educators all the world over regarding the ideas and methods of their 
noble mission. 
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Psycho -analytical studies of affections and emotions have helped to 
elucidate more clearly and systematically our appreciation and creation 
of all fine arts and literature. 

Not only actions of particular individuals but those of collective 
groups also are more fully expounded now on the psycho -analytical princi- 
ples. While antlrropology and sociology, history and even politics are 
imbued now with the spirit of the new investigations, the studies of 
customs and traditions, morality and religion have been given a fresh 
impetus and a new orientation to the advantage of all concerned. To 
take only two illustrations : Freud’s explanations of the influence of the 
mob and the group and his theory of the development of the super-ego, 
popularly called conscience, remain imsurpassed as pieces of deep psycho- 
logical analysis and close systematic thinlmg. 

Only general outlines of the contributions of psycho-analysis to normal 
psychology have been given in this paper. The virtues of perfection and 
completeness for psycho-analysis are not claimed. But it can safely be 
said that psycho-analysis has not only enriched both in quality and in 
quantity every topic of normal psychology but enlivened the whole science 
itself so that the latter pulsates now with the new vigour and boldly attacks 
the problems of life that only the other day it made it a point to evade. 
And for this metamorphosis of psychology credit must needs go to Freud’s 
discove:^ of the Unconscious, which event has consequently been very 
justly listed with the Copemican discovery and the Darwinian theory 
as the third landmark in the way of progress of the sciences. 

2. Lt.-Col. Owen Berkeley -Hill, Ranchi. 

The criterion of normality referred to in the above paper is not 
accepted. The term ‘ normal ’ has two meanings. — First it may mean 
‘ the most usual ’ or the * average In other words ‘ normal ’ in this 
sense has a ‘ statistical ’ connotation. On the other hand ‘ normal ’ may 
be made to mean the ‘ healthy ’ as opposed to the ‘ diseased in which 
case it has an ‘ evaluative ’ connotation. Most of us tend to confuse these 
two meanings, because our ideas of what is ‘ good ’ or ‘ healthy ’ are 
largely determined by what is most prevalent although not always con- 
sistently because there are qualities, e.g. abilities which we admire when 
present in an unusual degree. We may ask ourselves therefore how far 
we should allow our view as to what constitutes ‘ normal ’ or ‘ abnormal ’ 
psychology to be influenced by what, on the one hand, is evaluatively 
normal and by what, on the other hand, is statistically norm^. This 
difficulty which is not a small one, will be got over as soon as we talk of 
psychology and make no distinction between the normal and abnormal 
psychology. Under such conditions the title of the symposium would 
have been * The Debt of Psychology to Psychotherapy ’. 

3. Mr. H. D. Bhattaohabyya, Dacca. 

At bottom the question of normality is intimately bound up with the 
question of social existence. No wonder that the study of the social 
mind should acquire increasing importance with the development of the 
study of abnormal mind. Academic psychology ignored both the depth 
and extent of the human mind. The concept of epigenesis or creative 
synthesis tried to supply the element of unity and organization, but did 
not succeed. 

Factionalism also did not improve matters. In one word, academic 
psychology suffered more or less from the tyranny of generalization and 
abstraction and it neglected the special constituents of individual minds 
and their historical growth in reaction to definite environmental conditions. 

The rise of individual psychology is coeval with the development of 
abnonnai psychology. The personal individual is not exactly a represent- 
ative of his class in the same sense in which one inorganic substance can 
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take the place of another belonging to the same class. Each case therefore 
must be studied in his historical growth and must form the subject- 
matter of individual attention, analysis and treatment. To ignore the 
historical setting of a given conduct is to obliterate the distinction between 
the inorganic and organic and to deny as Bergson effectively and eloquently 
preaches, the reality of time. 

The discovery of tho individual has been accompanied by the finding 
that without reference to the social milieu the growth of individuality 
cannot be tuidei*stood at all. Abnormal psychology has been mainly 
instrumental in drawing attention to the great part played by society in 
moulding tho development of tho individual minds. To the lasting credit 
of abnonnal psychology bo it said that it has shown most effectively 
the result of conflict between personal desires and social requirements. 
It has been able to demonstrate that unsocial tendencies that do not 
succeed in getting an expression managed to survive in the cavern of the 
mind and even sally forth on occasions in disguised forms and produce 
psychopathologies of daily life like forgetfulness of names and things, 
psychogenic falsities like hallucinations, illusions and dreams, veiled 
obscenities like smutty jokes, pornographic tales, sensual emblems in 
art and religion and also unaccountable humours and sadden conversions. 
It has familiarized us to the facts of dissociations of personality; The 
successful attempt of psychologists to reintegrate the dissociated strands 
of personality and to restore tho normal roaebion to society must be 
accepted as the virtual voriiication of thoir hypothesis regarding the mind 
and its workings. Even with tho best of intentions a man cannot fathom 
the depths of his own soul by more introspoctioix, for much of what passes 
for rational thinking is at bottom rationalization and what apparently 
passes for a true motive of action may bo only a cloak for some deeper 
lying intention of which tho conscious mind is not aware at all. So the 
definition of ituin as a rational animal should not be understood in the 
sense that man is rational at all times or that he knows the reasons of his 
-conscious states in all cases or, in fact, in any case. Ho is a creature of 
impulses and desires and his normal and morbid reactions are all prompted 
by tho inner urges — many of libidinous character and all designed to 
fulfil this or that wish of a conscious or unconscious kind. A presumption 
is raised that there is such a thing as the rational unconscious and the 
e.xistonce of typical symbols in dreams serves to indicate that some common 
factor activates thinking in Hlumber. 

Abnormal psycjhology has established the fact that mind attempts 
at all times to effect an adjustment to given situations. Compromise 
is writ largo across tho face of the mind. To avoid coming into constant 
conflict with society tho individual develops the super-ego and thus sets up 
a miniature machinary within itself to curb the insistent urges of the 
antisocial id from boiow tho levels of consciousness. In between the 
super-ego and tho id lies tho ego — tho life of consciousness and compromise. 
Abnormal psycihology has also made valuable contributior^ towards an 
understanding of on)wd loadorship, religious devotion, social taboo and 
totem and kindred phenomena of tho individual and social mind. 
The greatest contril^utions of abnormal psychology are two, viz., that the 
self is a unity in diversity (miinickiug in this respect the relationship of 
the Absolute and tho finite solvos) and that identical principles operates 
in different fields of mental activity, individual and social. 

4. Mu. Jamuna Puosao, Batna. 

One cannot but agree with tho general theme of the loading article, 
but there is an obvious ono-sidodnoss in the discourse. In it normal 
psychology is altogether donoiincod txs stale, iuoompotent, and useless. 
But it should be pointed out that many valuable facts and principles 
about psychological topics, e.g. about emotion, were known to normal 
psychology indei)ondontly of the finding of the abnormal. There are other 
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schools of abnormal psychology besides psycho-analysis which have not 
been even referred to, Jung’s word association experiment, Adler’s obser- 
vations on ‘ Inferiority Complex *, the works of Janet and Prince on disso- 
ciation have been neglected. Secondly no science should have a craving 
for popular approval, a craze for ‘ blazing forth before the admiring gaze 
of the public . Even psycho-analysis does not care for the blessings of the 
man in the street nor for the ‘ good sense and fine feelings ’ of the elite. 
Thirdly while it may be admitted that the traditional existential and 
academic psychology are a failure, the dynamic and functional schools 
have undeniably contributed towards our understanding of the human 
nature in the various aspects. On the other hand the success of psycho- 
analysis in solving the mysteries of the human nature may very well be 
doubted. Even in regard to the problem of neurosis it is believod by 
many psycho -analysts themselves ‘ that psycho-analysis has no answer as to 
the fundamental basis of the development of neurosis In regard to 
anxiety as the basis of neurosis Freud has openly admitted in his New 
Introductory Lectures on Psycho-analysis ‘ that everything here is in a state 
of flux ’. 

It is unhesitatingly affirmed in the leading article that the highest 
achievement of psycho-analysis is the discovery of the infantile sexuality 
and of the stages of growth from the ‘polymorphous perverse ’ to the normal 
hetero-sexual stage. General psychology, however, has not accepted the 
whole story as true, rather it has strongly repudiated the suggestion that the 
child is nothing but sexuality incarnate. Stem, a recognized authority 
on the Child Psychology, points out that the belief in the sexuality of 
infants is a curious instance of ‘ reversed * projection from the so-called 
reminiscences of adult neurotics. It is only the psycho -analytical child 
psychologists, e.g. Anna Freud, Melanie Klein, etc. who are convinced of 
the sexuality of infants. The grotesque phrase ‘ polymorphous perverse ’ 
is inapplicable to the child and betrays a serious lack of understanding of 
the child mind. All the evidence regarding infantile sexuality is based 
on data, rather of the selected type. The so-called reminiscences of the 
adult neurotics on which the whole theory of the infantile sexuality is 
based, have in most cases, proved to be mere fantasies and justifications 
of the patients’ special attitude in the psycho-analysts’ consulting room. 

As regards the contributions of psycho-analysis a division should be 
made between (1) those which are of real value to general psychology 
and have been more or less definitely adopted by it, and (2) those which 
are of doubtful value to it and remain confined to psychoanalytic workS' 
as characteristically distinctive of their special creed, marred by exaggera- 
tion and even lacking in evidence. 

In some important respects psycho-analysis has done a positive disser- 
vice to psychology. Its mechanistic conception of mind, and its erroneous 
genetic principles are instances. Justice has not been done to the develop- 
mental impulse which actuates man’s life ever since the foundations of 
its birth are laid, and which is perpetually expressed in his longing to be 
more than what he. finds himself to be. As a result we get a curiously 
inverted view, viz,, the test of the normal lies in the abnormal and that 
normality is repressed abnormality. But credit must be given to Freud 
for recognizing recently, this much at least, that the Oedipus Complex has 
passed away and does not exist in the normals, and greater credit still 
for his more recent assertion even in regard to the neurotics, that we shall 
have to abandon the universality of the dictum that the ‘ Oedipus Complex 
is the nucleus of the neurosis 

The unnecessary laziness and even lack of willingness of normal 
psychology to assimilate many valuable contribution of abnormal psycho- 
logy are to be admitted. But probably there is some real difficulty in 
the task of assimilation on account of the new concepts and terms of 
abiiormal psychology, which somehow remain alien to and refuse to fall 
easily in line with those of normal psychology. Consequently it continues 
to remain typically the psychology of the' conscious, unmindful of the 
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the risk of remaining distinctlj^ poor for neglecting the unconscious. A 
constructive suggestion may be made. What we need is a seriously'* 
planned out scheme requiring the joint efforts of many to work together 
in close collaboration in order to evaluate and readopt the contributions, 
not of psycho-analysis alone, but of all schools of abnormal psychology, so 
that a new typo of general psychology, having a close touch with the 
concrete problems of real life, may be produced, and we may advance- 
towards a wider, doepor, and truer understanding of human nature. 


5. Du. T, PuuusHOTTAM, Waltair. 

The importance of the criticism levelled against Freudian and other 
psycho -analytical schools of psychology, viz., that they err in attempting 
to give us a picture of normal mind and its operations by attempting a 
reconstruction of that picture from the data obtained in the field of mental 
pathology or abnormality, should not be minimized. But it holds valid 
on the assumption that abnormal psychology adopted method which 
evolved in the consulting room of the physician. This assumption is 
untrue. The greatest discovery of Freud’s lifetime is in the province 
of the psychology of tho Dreams. His insight into the meclianisms 
of neuroses is hut a logical development of his initial insight into the nature 
of tho dream. The principles formulated therein are indispensable to a 
comprehension of mind as MIND. The scope of Freud’s discoveries 
remains general, i.e. not restricted to the jReld of abnormality or pathology. 
Froud conceivo.s the psychological individual in the light of strict deter- 
minism. Whatever tho scientific value of such contributions to our 
understanding of Mind may bo, it is obvious that in their relevancy and 
scope tho ideas belong to nornral psychology. 

Before Frond, there has boon no psychological objectivity worth 
mentioning. Psychology fails as a science because of lack of such objec- 
tivity. Objectivity in p8y(diology is achieved only when tho object of 
psychological study is grasped not as a robot or a vegetable or an instinct - 
ridden psychophysical organism, but as the living mind^ — what lives on 
more than food, what shapes and uses tho instruments of its action, and 
grasps all things and worlds for the sweetnesses thereof. 

That tho energy of the living mind is libidinal is one observation of 
Freud that will remain unsurpassed for its acuteness for well over a century 
to come. Wo live in times to near tho event. It is pardonable if wo don’t 
realize tho entire scope of tliat groat observation. May be, Freud himself 
does not realize it. It is an observation of gonius. Its confirmation will 
have to be found along every avenue of apx)r()ach to truth concerning the 
living mind , whether it is manifested in the deep sea, or in the birds of the 
air or in man, individual or collective. Such confinnation is already'- 
forthcoming. 

Tho principle of libido takes priority over even vital process, and thu.<ii 
proposes a psychological foundation for, and bestows a psychological 
character upon, phenomena which we are normally inclined to regard a.s 
a-psychic, i.e, biochemical, physiological, evolutionary, vital, etc. It is 
highly significant that oven in sexually differentiated organism, libidinal 
manifestations precodos in ontogeny (and probably too in phylogeny) 
the development t)f sexual apparatuse.s. Libido is a wider conception 
than Sox. It is tho fundamental attribute of all life as tho Joy that breaks 
into living forms, 

Tho terms ‘ conflict \ ‘ repression ‘ resistance * dissociation \ 
‘ fixation ‘ regression etc, have thrown light on many biological 
phenomena and profoundly influenced the scientific thought. Psychology 
can ill-afford to lot sister sciences profit out of its own wealth, itself remain- 
ing callous to its vast treasure. 

Maranon presents data which force on us the conviction that individual 
bisexuality is normal feature of individual existence. 
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The co-ordination of the discoveries of Maranon with the doctrines 
of the Freudian psychology is a piece of work yet to be accomplished. 
It is one which devolves upon the psychologists of our own generation. 

While general psychology appears to be slow to plumb the depths of 
the individual ‘ psyche sister sciences are marching foi*ward developing 
the concept and enriching its content. Erich Wittkower addressing the 
Psychiatric section of the British Medical Association* demands a psycho- 
logical foundation for scientific pharmacopoeia and medicine. 

Let it be reiterated that the proper object of psychological study is 
the psyche and that the facts of abnormal mental life, as well as those of 
normality, have forced upon us anew the importance of recognizing the 
reality and pervasiveness of the thinking ‘ thing ‘ res cogitans ’ of Dos 
Cartes. 

‘ Mano mayah prana aareera nata, 

Pratishtitho(a)nne hridayam sannidhaya.’ 

It is to be wondered whether normal psychology in all its extent 
and applications can hope to find a more appropriate object for its contem- 
plation. 

6. Dr. J. K. Sarkar, Muzaffarpur. 

Psycho-analysis has thrown much light upon the intricate problems 
or the obscurer phenomena of thought, feeling and behaviour. But 
behaviour is many sided. No single branch of psychology con take charge 
of the human behaviour in entirety. Behaviourism maintains a thorough 
going legitimate, scientific attitude. Its studies of conditioned reflexes 
and glandular secretions are significant but its fallacy lies in taking motor 
and glandular responses as ultimate. Existentialism is a pure science 
and as such should be distinguished from psychology as an applied science. 
Test psychology is also purely scientific and experimental. So also is Gestalt 
Psychology, According to Collins and Drever a psychology which is not 
experimental is to-day an anachronism in any department of mental life. 
While some experimental works have been done in the fields of word 
association and aberrant behaviour, the die&culties that are met in the 
application of experimental method to psycho-analysis are very great 
indeed. In viewof the vast benefit that psychology would bo likely to derive, 
if psycho-analysis could be made amenable to experimental technique, the 
atternpt seems emphatically to be worth the making. Detailed analysis of 
conscious sense perception shows that the xmconscious lies at the core of 
all conscious processes. That it itself is the foundation on which normal 
psychology stands, is the greatest contribution made by abnormal 
psychology to the former. 

7. Mr. H. P. Haiti, Calcutta. 

The choice of the subject-matter of the present symposium is very 
appropriate. It focusses our critical attention to the important problem 
of the ii^uence of psycho-analysis on psychology . Large number of psycho - 
legists in India are still very much ‘ academic The symposium may 
serve a valuable purpose by drawing their pointed attention to one of the 
outstanding aspects of modem psychology that appears to have given us 
a key to many mysteries of human nature. All the views expressed in the 
leading paper as also the total impression regarding the worthlessness 
of non-psychoanalytical psychology conveyed by that paper cannot be 
subscribed to. The metamorphosis of psycho-analysis to psychology 
is not an accomplished fact and is yet to come. Psycho-analysis is not 
the most comprehensive of all the prevailing schools of abnormal psycho- 
logy. Psychiatric school lays claim to valuable contributions in addition 
to helping the growth of psycho-analysis itself. It has partly stimulate<i 
the development of mental tests and specially of personality tests. 
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All tho schools of contemporary psychology, including the psycho- 
analytical, are partial in outlook. The loader of the symposium writing 
as a schoolman himself, has failed to give due weight to this fact in his 
summary criticism of the various schools. The particular aspect from 
which psycho-analysis studies life is that of the Unconscious. But it 
cfljinot or does not deny the value of tho conscious aspect ; for, it has not 
only to begin work of analysis, but also to carry it on, from the plane of 
consciousness. Psycho-analysis starts from from a sort of normal psycho - 
psiychology of consciously motivated conduct ; proceeds to an 
assumption of hypothetical motives in the case of apparently unmotivated 
behaviour ; gathers support for this assumption from therapeutic success 
and wide range of applicability of its hypotheses ; and finally comes to 
revise the normal psychology with which it began. The detailed expla- 
nation of the unconscious has added materially to our knowledge of the 
emotional life of man and the significance of the new loiowledge for practi- 
cal life is immonso. But those contributions only supplement the pheno- 
menal descriptions of the psychologists and the physiological findings of 
investigator like Cannon. 

Psycho-analysis represents a partial outlook and approach like the 
other schools, but it cannot be denied that its significance for the future of 
psychology as well as of human life is much greater than that of any other 
contemporary school. It is better to remain eclectic in the present state 
of our aoionoo than to identify oneself with the psychoanalytic school. 

Ah regards tho positive contributions of psycho-analysis, nothing 
need bo added to what has boon said in the leading paper. The discovery 
of the social implication of our behaviour, overt or implicit, is very signi- 
ficant. Tho Mental Hygiene Movement, the New education and many 
other such movements are based on the concept of the unconscious. 
The hypothesis of tho unconscious therefore has a pragmatic superiority 
in comparison with tho neurological ono for psychological research. 

There is need for contact and co-oporation between psycho-analysis 
and psychology. Beactions of assimilation, specially from the side of nor- 
mal psychology are already on tho way, as will bo evident from the text-books 
and histories of psychology recently published. But there are some diffi- 
culties to bo overcome. The main difficulty is one of method. A scientist 
cannot bo expected to accept a fact or theory relating to his science without 
verification for himself. Use of the clinical method in some form in the 
Laboratory would certainly help tho reapproaohment work to a great 
extent. With increase in the number of Normal Analysis it would be 
possible to liavo a sufficient number of Laboratory subjects, for a series 
•of Free Association sittings to warrant generalisation about unconscious 
factors after tho oxporiinoutal ideal of Normal Psychologists. 

Tho idea is current among some that as the clinical method works 
■cn mam' on the j)orsonality and not any simple abstracted feature of it, 
it cannot bo a scnontific method. But tho clinical method of psycho -analysis 
at least on its exploratory side is comparable in essentials to an accepted 
laboratory method. Tho similarity has been pointed out by the writer in 
a paper to be pubJishod short.ly, dealing with tho reaction time experiment. 

The psycho -analytical terms and concepts appear to many to bo 
•cumbrous and siibstautivo in imyiert. Psychologists cannot be asked to 
reconcile thomsclvos easily to belie vo in the mental substantive 
after their Hustainod laV)our for centuries to throw them out. Wo shall 
have in lujar fiituro to attempt simplification of terms and concepts by 
symposium discussions or conforonces but mostly by sympathetic under- 
standing. ProfcHsional vanity would not stiroly stand in the way, for 
nothing apptjaln ho much to the heart of the tmo scientist as pursuit of 
truth. 


8. Mu. M. N. BA.Nim.rr, Calcutta. 

Psycho-analysis is not tho whole of abnormal psychology nor a 
represoritativo sample of the latter before tho rise of tho former. Psychi- 
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atry and the physiological lines of approach to abnormal moritiil j>h(‘nc muHia 
and non-psycho analytic psychological study of them have thrown lloodn 
of light on general principles of psychology. All mental Htiil.<vs whothoj' 
they are cognised in the normal or the abnormal mind ai ‘0 natural _ All 
laws worth the name should be able to explain mental phojionnwia irroH- 
pective of whether we label them normal or abnormal from b< >(^io-hn^laviour* 
istic point. From the stand-point of pure psychology, tdior-o in no su<-Ii 
thing as normal or abnormal, therefore no necessity arises to formally 

that bertairi laws discovered in connection with the workirip: of tho imsoucrd 
mind are of general applicability. Psycho-analysis was ewHontially a fmo 
association method thrust on the master mind of Frond by liin paiionts 
and first applied to cure Hysteria and other neurosis, hh'tsiui jgavo now 
orientation to the term ‘ Unconscious * out of vague and Iooho riobulotm 
conjectures. The scope of psychology along that of the miiicl wan oxtijndnl 
and we came face to face with the kernel of Mind and hho ibresoH that 
worked there, the basic innate urges of self and Sex instincsb and tho ‘ Id \ 

Psycho-analysis is not abnormal psychology at all. it is pure anil 
simple^ depth or dynamic psychology. It is not a viewpoint but an 
exte^ive addition' to the scope and method of psycholeKY — pure and 
applied. .What the Experimental Psychology of Wundtian school and it^» 
derivatives dealt with was only the conscious part of tho rairnl ami frnyidio- 
an^ysis deals with the unconscious portion. The two shotild ho bridged 
as is being attempted in the Bengal school now under the Px’osidont of thin 
section. 

Evaluation of contribution of other abnormal psychologists ha» 
omit bed in the leading paper. Wxmdtian Psychology aacl othm* sohoolH 
based on it have not failed altogether. Their aim of psychology wan not 
identical with the present day viewpoints of psychology. 
school lays emphasis on the physiological explanation. ISxcsopt i)rtyciic». 
analysis, Wundtian Experimental Psychology has done a gi*oat .su'rvir<s 
There is a very bright future for ‘ mental measuremont ’ «ohool, (lostall, 
psychologists by their new experiments on perception of inovonumt atnl 
their emphasis on the whole have done real service. 


9. Dr. N. N. Sbn-Gtjpta, Lucknow. 

Nomal and abnormal psychology have been mutaally iiifiuonciug 
each other smee a long time past. A survey of the procorts of in ttirtdiange 
ot concepts and insights between the fields of abnormal and gunoml 
psyqholo^ shows that the former has influenced the latter in hijr nriiicipiil 
ways: ( 1 ) It has drawn attention to several facts of nonmal rmyehologvt 
f ampHfied the connotation of tnnnv 

^hers. (2) It has formulated certain interpretative concsopts, e.;r. the 
Unconscious, fore-conscious, Extroversion, Introversion, oto. (:J) It has 
of relational concepts, e.g. oon<l«nHiition, Idonti- 
T ooaoepts have been introduood b.y it to nonnal 

defined in abnormal psychology in «, moro oouon'to 
settmg than is eon^on, e.g. in the schools of Wundt: Jamonn.l othow 

Fs> u» phyS ■ ff i£”5t FtSSKwSiS”.?”'''''’'''!”'*’ 

are explained and curative measures are devised. ^ ^ nywiptoma 



Part IV — Discussions. 


61 


The method of general psychology is conceived in a similar fashion. 
The mental processes and behaviour are determined by four sets of factors : 
(1) Antecedent conditions of the organism. Some of these are at time 
capable of discovery by self-observation ; other times they cannot be so 
discovered. (2) Bodily processes, including the hereditary trends, the 
character of the nervous system and the rest of the organs of the body. 
(3) Physical enviromnent including (i) certain general factors such as 
altitude, climatic conditions, etc. and also (i) specific stimuli. (4) Social 
stimuli such as the number and nature of the social group. 

10. Du. S. C. Mitba, Calcutta. 

Reply to the above discmsion. 

I am quite prepared to agree with Lt.-Col. Owen Berkeley -Hill, that 
taken in a very broad and general way there is no distinction between 
normal and abnormal psychology, because whatever happens mentally 
either in the sphere of what is regarded as normal or in the sphere of 
what is distinguished as abnormal is perfectly ‘ normal ’ in the sense of 
‘ natural ’ event as under the circumstances nothing else could have 
happened. Had we lived only in the high intellectual sphere of pure 
abstractions and wide generalizations without the necessity of having any 
practical contact with our fellow beings there would have been no need 
to make any distinction between normal and abnormal, or for the matter 
of that between physics and chemistry, between plant and animals. But 
we live in a society and society makes' incessant and multifarious demands 
on us. Unless wo can meet these demands and adjust ourselves to the 
situation, wo are sure to be driven to the wall. Useful modes of adjust- 
ment to ])articular situations soon develop and they become the standards 
of conduct. They come to be regarded as normal forms of behaviour. 
Anxiety is a normal psychological phenomenon, but it becomes abnormal 
only when it is out of proportion to the situation, i.e., when it leads to 
maladjusted behaviours. The primary necessity which urged us to make 
a distinction between normal and abnormal arose from our attempts at 
adjustment to social demands. So that the statistical-social seems to 
me to bo the only acceptable sense of the term ‘ normal ^ which con be 
profitably pursued in psychology. Besides, how is • the province of 
psycho -therapy to which Col. Borkoley-Hill refers, to be defined and what 
is health and what is (lisoaso ? Proper definition of these terms would 
inevitably lead to the conc-opts of adjustment and maladjustment. 

I am glad to find myself in a position to accept all that has been said 
by Prof. H. 'B, Bhattacharyya, and woxild like to draw attention to the 
special emphasis tliat ho has laid on the influence of the social environ- 
ment on the development of individual behaviours, normal or abnomaal. 
In drawing the distinction between normal and abnormal, he recognizes 
the social standard. Ho accoi^ts that man is a creature of impulses and 
desires and that the normal and morbid reactions of men are all prompted 
by inner urges — many of libidinous character and all designed to fulfil 
this or that wish of a conscious or unconscious kind. He has no doubt 
about tho importance of the contributions that have been made by 
abnormal psychology towards the understanding of crowd leadership, 
religious devotion, sociological phenomena of diflerent kinds and kindred 
products of tho individual and social mind. He has hinted at a probable 
philosophical background of tho discoveries of the abnormal psychology. 

Prof, Jamuna Prosad points out that all the schools of psychology to 
which I have referred, have made valuable contributions independently 
of the findings of abnormal p.sychology and takes me to task for denouncing 
all those schools and for my failure to consider the researches of Jung 
and Adler. The iixtroductory portion of my address will convince anyone 
that it was far from my intention to denounce wholly every prevailing 
school of psychology. I have merely attempted to point out what appears 
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to me the shortcoming of these schools and I am sorry if it has created 
the impression of an out and out denunciation. I have not specially 
mentioned the researches of Jung and Adler not because I do not consider 
them valueless but simply because what is valuable in them has been 
incorporated in the Freudian system. Prof. J. Prosad seems to bo very 
doubtful about any valuable contribution being made by psycho-analysis 
to normal psychology. He makes one grudging concession in favour of 
psycho-analysis to the effect that some older ideas of traditional psy- 
chologists, e.g. conative tendencies, voluntary actions, inhibition ai'id 
self-control, which were fast getting sterile and lifeless, have been much 
widened, enriched and improved by psycho-analysis. He scornfully rojects 
the ideas of infantile sexuality and quotes in his favour. Stem, a recognized 
authority on Child Psychology. He easily disposes of Freud’s theory of 
the origin of civilization and of totem and taboo by stating that these 
explanations are only ‘ maister-pieces in the art of systematizing phan- 
tasies As there are no arguments to support these general statements 
I can only answer that I do not accept Prof. J. Prosad’s characterization 
of these theories as master -pieces in the art of systematizing phantasies. 
He gives credit to Freud for recognizing recently that the ‘ Oedipus 
Complex ’ has passed away and the universality of the dictum ‘ the 
Oedipus Complex is the nucleus of neurosis ’ has been abandoned. He 
quotes Freud’s statement regarding anxiety ‘ that everything hero is in 
a state of flux If those statements are meant by Prof. J . Prosad to 
imply that the concepts of the ‘ Oedipus Complex ’ and the influence of 
anxiety on neurosis have been abandoned, I cannot accept his inter- 
pretations at aU. Oedipus Complex may pass away in normal adults 
but Freud does not mean that the concept has ceased to be applicable to 
children. When he said that everything regarding anxiety was * in a 
state of flux or change he never intended to convey the impression that 
aU that had been said before regarding anxiety should be absolutely given 
up. What he implied, as is evident from his lectures from which the 
above passage has been quoted and from his later book Inhibitions^ 
Symptoms and Anxiety, was that the problem of anxiety needed further 
analysis. Prof. J. Prosad’s charge against psycho-analysis that it has 
introduced ‘ mechanistic conception of mind ’ has been ably mot by 
Dr. Purushottam. The latter has rightly asserted that before Freud 
there has been no psychological objectivity worth mentioning. I would 
have very much welcomed a detailed analysis of the dovolopmental 
impulse to which Prof. J, Prosad refers. 

I find myself in complete agreement with one of the main points of 
Dr. T. Purushottam’s article, viz., that the h3q)otheses regarding the 
working of the mind which Freud has developed from his study of Dreams 
are applicable to the processes of normal mind. The scope of Freud’s 
discovery remains general. He believes that the energy of the living 
mind is libidinal. His view that the new concepts of psychology will be 
more and more applied to Biology, Organic Medicine and other scionces, 
is one which I wholly subscribe to. His other point about objectivity has 
already been mentioned. 

Prof. J. K. Sarkar thinlcs that all-prevailing schools of psychology 
have contributed something towards the progress of psychology. I do 
not differ from him and I fully agree also with his statement that all 
complex mental processes like memory, imagination, etc., that are develop- 
ments of original sense-perception have their root in the Unconscious. 

Mr. H. P. Maiti refers to the total impression conveyed by my paper 
about the worthlessness of non-analytical psychology. I certainly do 
not hold the opinion that other schools of normal or abnormal psychology 
have not contributed anything towards the imderstanding of the mental 
processes. What I contend is that psycho-analysis supplies the essential 
element- that was missed by them. The discovery of the Unconscious 
has given an entirely new interpretation to the findings of other schools, 

I fully agree, with Mr. Maiti that the difference between him and myself 
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is mainly a matter of emphasis. While he believes that psycho-analysis 
is only a ‘ school ’ among many others, I am inclined to consider it as 
the foundation of the Science of Psychology and the fundamental basis 
of all psychological thinking. I fully subscribe to the view that the 
discovery made by psycho-analysis of the social implications of our 
behaviour — overt or implicit — is very significant for the future recon- 
struction of social relations. By adding a very valuable appendix to his 
paper containing an analysis of the attitudes of the authors of the modern 
text-books of Goneral Psychology and History of Psychology, he has 
shown how the principles of psycho-analysis are gradually being appre- 
ciated by them. Ho refers to some difficulties in the way of incorporation 
of psycho -analytical findings in general psychology. The chief difficulty 
is a methodological one. I fully appreciate his remark that one cannot 
ask a Scientist — in the present case the Psychologist — to accept a fact or 
theory relating to his science without verification for himself. I am glad 
to say that ho him.self lias shown how the difficulty can be overcome. 
By his experiments on memory and reaction time he has demonstrated 
how the rapprochement between psychology and psycho-analysis can be 
made possible and how psycho -analytical findings can be put to test under 
traditional laboratory conditions. Another difficulty lies in the new 
terms and concoptH of psycho-analysis which appear to be too cumbrous 
to many and to bo substantive in their import. Psychology has been 
trying to got rid of the belief in the mental substantives and it is difficult 
for them to reconcile theinsolvos easily to the new terms. I do not think 
that the difficulty is an insurmountable one and as he himself has sug- 
gested 8ym))osiuin discusHions and conferences may in the near future 
lead to a simplification of the tenns and concepts. It would surely be a 
calamity if conservatism, pedantry, or professional vanity stand in the 
way of such siniplification. 

Mr. M. N. Banorji sooms to accept the socio-bohaviouristio standpoint 
as the criterion of normality. I agree with him when he says that by the 
discovery of the language of the Unconscious, Freud explored the biggest 
realm of the Mind. As regards the points of dissension with me, I do not 
think that it would bo relevant to go into the details of the prevailing 
schools of psyidiology in order to evaluate their respective contributions 
towards explanation of the mental phenomena. It was furthest from my 
intention to maintain that those schools have contributed nothing towards 
our understanding of tho psychological processes. I refer him to the 
introductory portion of my article. It would have been better had 
Mr. Banorji dcjfined what, ho precisely meant by ‘ depth psychology ’. 

Hr. N. N. >Son-Gupta generally agrees with what have been stated by 
mo. He has, howov(^r, ])reseuted the materials in a very logical way, 
classifying tho contributions of abnormal psychology under six different 
headings. His own view about tho methodology of general psychology 
has throughout beou of tho nature suggested by the development of 
psycho-analysis. 

11. Euniost JoNiiJS, London. 

I must confess, pai’onthetically, to being one of those who feel a 
prejudice against tho torrn ‘Abnormal Psychology’. Fow workers have 
Ixjen willing to rocoiiciUi thoniHclvos to tho adruisHi<jn that their psychology 
is abnorrnaJ, and still loss tho risk of being thomselvos designated as 
abnormal ])syc‘-h()l(>giHts. J! should mysolf, for reasons that will presently 
bo indicated, have i)roforrod to use tho term ‘clinical psychology’.^ In 
England ‘j medical ))Byc‘hology ’ is tho term most widely used, but it is 
possible that ])rofossional prejudice may have much to do with this pro- 
forenco. In this (jonnoctit)n an interesting suggestion made some years 
ago by Willudm Spooht may bo recalled. Ho proposed to restrict the 
term ‘ psycho -pathology ’ to tho study of abnormal mental phenomena 
carried out from a purely medical point of view, i.o,, tho investigation of 
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the causes, pathological significance, and modes of treatment of such 
states; and to use the term ‘patho -psychology’ for the investigation of 
the same data purely from the point of view of general psychology. 
Certainly this distinction is well worth nothing, for most of the interest 
.attaching to the intensive study of pathologic^ mental states that has 
been carried out in the past quarter of a century is clearly due to the 
startling extent to which knowledge gleaned m this field has boon illuminat- 
ing for other fields as well, 

Now the simplest answer to the question of what the study of the 
■‘abnormal’ has contributed to the study of the ‘normal’ might well be 
given in one word: the Unconscious Mind. For this includes all else. 
It is a much greater gift than bacteriological knowledge was to the study of 
infectious disease or the circulation of the blood was to physiology. After 
all, important as the new knowledge was in these two cases, it concerned 
only one of many elements of the situation. Knowledge of the unconscious 
mind, however, is not merely an addition to our knowledge of the mind — 
the study of one more element; it represents the discovery of what the 
mind as a whole really is, an organ of which the conscious mind is only 
an external expression. Investigation of the unconscious has made it 
for the first time possible to begin to elucidate the significance of that 
external expression, to which ‘normal psychology’ has hitherto been 
confined — and on a purely observational level. 

Instead of giving this short answer, however, I would expound the 
matter in the following way. The outstanding feature that most sharply 
distinguishes the clinical method, in either medicine or psychology, is 
that in it attention is concentrated not so much on the investigation of 
any particular system considered in isolation, or the elucidation of any 
particular disorder as such, as on the scrutiny of an individual human 
being considered as a whole. In this statement there are two important 
constituents, the stress laid on the words ‘human being’ and on the words 
* as a whole The decision to make an intensive investigation of a number 
of individuals proved to be a much more fateful one than it must have 
appeared at first. The motive impelling the pioneers to make this decision 
was the necessity of doing something when confronted by the terribly 
urgent problem of suffering, and this motive enabled them to overcome 
just the obstacles that had hitherto been imposed in the way of any, 
penetrating investigation of the mind. The history of the investigation of 
the body was repeated in the sphere of the mind. To examine the inside 
-of the body had, for centuries, been forbidden as something taboo, not 
nice, not proper and nob right. But the extreme desirability of learning 
something about what, why or when men suffered from disease at last 
broke down this prohibition. Examination of the inside of tho mind was 
still longer held up, and mainly by similar obstacles. With this tradition 
most clinical psychologists have definitely broken. Faced with the grim 
tragedies of neurosis, they have had perforce to come to close quarters 
with the intimacies of emotional life, and, much to the horror of their 
contemporaries, they have proceeded to examine dispassionatoly the 
facts in thte way brought under their notice. 

A clinical attitude, studying the personality as a whole, is more 
-concerned with the scientific problem of the relationship between mental 
processes than with the more philosoplncal problem of the ultimate nature 
■of them. One of the outstanding conclusions to which this methodological 
mode of approach has compelled assent is that the various forms of mental 
functioning are extraordinarily interrelated and mutually dependent, 
so that justifiable scepticism arises in regard to such experimental work 
which professes to isolate such processes as intellectual or memory ones 
from the rest. This is only one of the many respects in which the olinioal 
method has come into some de^ee of conflict with the older methods, 
though the history of science gives every reason to believe that such 
-conflicts can only represent a transitional stage in the development of 
psychology as a whole. 
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But clinical psychology has far more to offer normal psychology than 
scepticism. It has also made positive contributions to our knowledge 
of a fundamental character. When the study of the mind is approached 
in this way, with a propensity to consider every problem in reference to 
the whole personality and with the resolve not to shrink from exploration 
or the inner mental life, however intimate, wherever necessary, experience 
shows that it will result in certain characteristic views being taken of 
mental functioning. These, then, come to be rather distinctive attributes 
of the clinical method. Four of them may be selected for special emphasis ; 
they may each be memorized by a single word: genetic, dynamic, ins- 
tinctual, and unconsciouB, respectively. A few words will be said about 
them in this order. It will be noticed that academic psychology gives its 
assent in general terms to three of them, to all except the idea of the 
unconscious, but they are all taken much more seriously and applied much 
more rigorously in clinical psychology. 

Everyone would, of course, agree with the statement that the mind 
develops, but a great deal more than this is meant when it is said that 
clinical psychology views the mind genetically. Here the continuity of the 
mind at Afferent ages is regarded quite literally. It is held that the 
significance of any given current mental process is not completely known 
unless the full genesis of it is also known, unless its predecessors can be 
traced back in an unbroken chain to the beginnings of mental life in the 
infant. It has been found that many of the older elements of the genesis, 
and often the most important of those, are not completely transformed into 
or replaced by their successors, so that a certain amount of their original 
significance is still retained. The practical effect of this is that many of 
our impulses, interests, and ideas carry with them an extrinsic significance 
based on their genetic history, that they represent more than what they 
purport to. In extreme cases, of which unconscious symbolism is the 
most striking example, the subject is totally tinaware of this surplus 
significance. The most advanced school of clinical psychology, following 
Freud, carries this genetic principle to its logical conclusion and maintains 
that all our later reactions in life are really elaborations of simpler ones 
acqxiired in the nursery. The power to modify the more fundamental 
types of reaction becomes rapidly less as the child grows, and some of us 
even think that no fundamental change in character can take place after 
the fourth year of life. 

In its dynamic view of the mind, clinical psychology comes into 
decided opposition with the old associationist psychology. When one 
mental element occurs after another it is no longer possible to think we 
have explained this by saying that the second element, having been 
attached to the first through temporal contiguity, or inherent similarity, 
was aroused by the presence of the first. Dynamic factors such as those 
designated by the words motive, tendency, purpose, impulse, are sought 
for in every single instance, however minute, and no explanation is 
regarded as adequate unless a factor of this land is demonstrated. This 
holds even with mental events, such as slips of the tongue and the like, 
that previously wore supposed to ‘happen’, without any ascertainable 
reason, and certainly without any motivation. Yet the older views die 
hard in some fields of work— for instance, in regard to dreams. 

A through-going dynamic conception of mental events as essentially 
the expressions of the interplay of various ‘forces’ leads to many important 
consequences. One comes, in this way, to realize that a great number of 
mental processes come about as compromise-formations, various con- 
flicting forces having contributed to the end result. From the work of 
clinical psychologists the extent to which conflict between opposing 
tendencies takes place in the mind, and the importance of such conJfiicts, 
is gradually becoming recognized. It is not simply a question of their 
frequency. Far more important is the matter of their invisibility. There 
are in fact extremely few expressions of the mind that are pure monifesta* 
tions of a single impulse or trend. What appear to be so mostly turn 
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out on investigation to be either a compromise between two or more 
opposing ones in the -unconsoious or else a defensive reaction on the part 
of one trend against another, repressed one. In other words, man is 
far less of a free agent than he thinks. Most of his activities, interests and 
opinions proceed from unconscious sources, without his having any inkling 
of the fact, and are — so to speak — forced on him. This applies even to the 
more permanent attitudes of mind and character traits, which are usually 
defences necessary to him as safeguards against repressed and feared 
impulses. An interesting and important aspect -of this knowledge is 
that there is far less true thinking done than is generally imagined. Most 
of what passes for thought is rather the fortifying of some prejudice or 
opinion that is necessary to peace of mind or mental balance. 

As befits a discipline of medical origin, the clinical attitude is close to 
the‘biological one, and most clinical psychologists feel that one of the chief 
goals of their work is to be able to state their mental data in biological 
terms, i.e., in terms of the instincts. It has cleared the ground by showing 
that a number of supposedly inborn instincts with which other psycholo^sts 
had operated are complex products, and so are capable of resolution into 
more primary elements. In the second place, the analyses effected by 
clinical psychologists, particularly by Freud, of the conative aspects of the 
mind have revealed much of . importance concerning the development, 
manifold fate, and products of the instinctual side of mental life, and it is 
reasonable to expect that further research along these lines will bring us 
nearer to the ultimate sources of mental impulse. 

This attitude of ohnical psychology to the instinctual basis of mind is 
in harmony with the changed attitude concerning man’s place in nature 
that was brought about by the biologists of the last century. It is in 
short an extension of the evolutionary view of man into the sphere of the 
mind> the sphere where, in spite of some tentative efforts of Darwin, those 
biologists were not yet able to apply the doctrine of evolution. The clinical 
attitude thus represents a developmental view, not only ontogenetically 
but also ijhylogenetically. The psycholo^ of the ‘normal’, on the other 
hand retains much of the philosophic basis given it when it was regarded 
as being entirely distinct from the animals, and has never been truly 
permeated by the biological view. 

Of the unconscious I have already spoken. The discovery of its 
contents and characteristic mechanisms constitute, not a mere contribu- 
tion to psychology, but a revolutionary change in psychology. One now 
sees the mind afresh, not as a relatively smooth-working macliine, but as 
a complex of subtle defences against the anxiety aroused by the impinging 
of primitive impulses on external reality, i.e., human relationships. 

One of the disconcerting conclusions to which one is compelled by the 
study of dinical psychology is that, strictly speaking, there is no such 
thing as a mentally normal human being, i.e., one whose mind has followed 
a direct path of development. The so-called normal and abnormal mainly 
represent different modes of reaction to fundamental diffictolties in develop- 
ment and adaptation. The fallacy of thinking that the ‘abnormal’, by 
which I mean essentially the neurotic, not of course mental defects from 
organic origin— have anything to do with disease in the ordinary sense has 
long been e2q)osed. There are moreover good reasons for thinking that the 
path of development in the ‘normal’ is much more tortuous and circuitous 
than in the ‘abnormal’. It may sound paradoxical, but I venture to 
predict that in a not far distant future psycho -pathology will constitute a 
standard study of psychology, the basis from which the student will 
proceed later to the more obscure and difficult study of the so-called normal. 

There are two objective groimds why this prediction is a very safe one 
to noake. Investigations of the deeper layers of the mind has shown that 
the basic elements out of which our minds are developed persist with the 
psycho -neurotic — ^in the unconscious, it is true — ^in their original form to 
a much greater extent than they do with the normal, and further that they 
present themselves in a magnified and perspicuous aspect as if under a 
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clear lens, so that from every point of view they are far more accessible 
to exa-mination there than with the normal. IFTindamental complexes, 
drives and mechanisms, the effects of which radiate throughout the whole 
mind, can be very plainly demonstrated in the psycho -neurotic when the 
same processes can often be only dimly inferred in the ‘ normal \ 

The second ground on which the prediction can be based is even more 
interesting. We know now-a-days that the reason why psychology has 
lagged so extraordinarily behind all other branches of science is because 
there exist in the mind — ^both, be it noted, of the subject and of the object 
— the most formidable obstacles which interpose themselves in the path of 
any exploration designed to penetrate below the surface. Unlike any 
other naan of science, therefore, the psychologist is from the beginning to 
a largo extent cut off from the object of his study — ^the hunaan mind. 
So far as our present experience goes, there is only one motive strong 
enough to overcome these obstacles — ^that of wishing to be delivered of 
suffering; even the keenest scientific curiosity offers only a very partial 
substitute for this motive. Now in the history of the world the theme of 
suffering has been the special concern of three classes of men: of poets, of 
priests, and of physicians. Until recently it has been the first of these 
three, the poet, who has contributed most to our understanding of mental 
suffering, and we owe some of our most precious insight to his flashes of 
genius. But he is, after all, primarily concerned, not with the imder- 
standing of suffering, but with the transmuting of it into beauty or what- 
ever else would raise it to another plane. 

Tlie priest’s interest, too, has been mainly therapeutic. Starting 
with a vested interest in a particular cure, he has been chiefly engaged in 
transmitting his cure to those in need. Nevertheless, the more profound 
theologians have also furnished us with much knowledge concerning the 
nature and sources of suffering. They have rightly led especial stress in 
this connection on the importance of moral problems, notably on the 
problem of sin — ^now-a-days called the problem of the sense of guilt. The 
physician likewise did not proceed very far so long as his attitude was a 
purely therapeutic one, showing once more how the passion for 
therapeutics — laudable as it is on humanitarian grounds — ^has often proved 
the bane of medicine and has blocked progress in real prevention and 
cure based on knowledge. Those over-anxious to heal cannot pause to find 
out how to do so. It was only when the desire to relieve suffering was 
infused by the scientific thirst for knowledge that we began to have serioiM 
insight, not only into the meaning of all this suffering, but — ^what is still 
more important — into the dynamic factors that move both the depths and 
the surface of our minds. In this achievement there is, in my opinion, 
one man’s name that will for ever bo pre-eminent, and that is the name of 
Freud, now so condemned, but in the future to be honoured above all his 
contemporaries. 

12. S. 0. Mitha’s Fubthbh. Rbmaeks. 

I have already comniunicated my views to the individual participants 
of the symposium regarding the points raised by them in their respective 
papers. I think it would be better for all, particularly those who have not 
as yet taken part in the symposium and who would like to join in the 
discussion that will presently follow, if the various issues raised be pre- 
sented in a summarized form. This is what I propose to do now. I shall 
also add some general remarks to the answers that I have already given. 

1. The first point that I would like to refer to concerns normality 
and abnormality. With regard to this, two questions have been raised: 
(a) whether any distinction should at all bo made between nomoal psycho- 
logy and (6) if so, what should bo the criterion for determining 
normality and abnormality, (a) As to the fimt^ question, my view is 
that ill the present state of our knowledge the distinction between normal 
and abnormal psychology must be maintained. I am quite prepared to 
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admit that by dint of sadhavia (yogio practices) a stag© of purnajnana 
(perfect knowledge) may b© attained in which differences disappear 
altogether and contradictions cease to exist. It will readily be granted, 
however, that such a stag© of knowledge is not going to be within an easy 
reach of average mortals like the majority of us in the immediate future. 
It is not therefor© unreasonable to assume that differences and distinctions 
win continue to exist in this imperfect world of ours and consequently 
normal psychology will continue to be differentiated from abnormal 
psychology for a long time to come. How then should normality be 
distinguished from abnormality ? This brings us to the second question, 
viz., i±Le question of the criterion. (6) In a paper read before the Indian 
Psycho -analytical Society, Maiti gave us an admirable resume of all the 
prevailing views about normality. He pointed out also that up till now 
psycho-analysis has not attempted to set up any standard of its own for 
determining the characteristics of normality. It seems, however, that 
psycho-analysts as well as others have generally employed the social 
criterion ffrst explicitly formulated in language by Bose. In deciding 
about the normality or otherwise of human conduct and behaviour, I 
do not think any other standard but harmony with the prevailing social 
ideals of the time and place will lead us anywhere. Taken in a broad sens© 
maladjustment beyond certain more or less arbitrarily specified limits 
may be put down as the only useful criterion of abnormality. Even bodily 
diseases can then be shown to be but cases of maladjustment between 
organs and functions. 

2. Another point which has been emphasized by many participants 
is that all schools of normal and abnormal psychology have contributed 
towards our understanding of mental phenomena. Some have gone into 
details of different schools of psychology and psychiatry in order to point 
out the contributions that have been made by them towards imderstanding 
human nature. 

I. am sorry that my article has created an impression that I consider 
aU schools of psychology besides psycho-analysis as worthless. It has never 
been my intention to deny that other schools of psychology and psychiatry 
have made valuable contributions towards the solution of psychological 
problems. In fact, I myself have published papers expressing my views 
and appreciation of some of the schools of psychology, I fully believe that 
all the schools help us to understand many of the conditions of mental 
events and the construction of the mental structure, but what I am inclined 
to think is that the essential elements is missed by them all, I caimot do 
better than quote in this coimection the beautiful illustration given by 
Ereud himself. ‘Just suppose that on some dark night I am walking in a 
lonely neighbourhood and am assaulted by a rogue who seizes my watch 
and money, whereupon, since I co\ild not see the robber’s face clearly, I 
make up complaint at the police-station in these words, “Loneliness and 
darkness have just robbed me of my valuables ”.’i The essential thing to 
be done is of course to look about for the thief. That is, if I may say so, 
what psycho-analysis does while other schools of psychology concern 
themselves mainly with the loneliness or the dairkness or with the gestalt 
loneliness-darkness, I purposely refrain from discussing the merits and 
demerits of the various schools of normal psychology since as is pointed out 
by Jamuna Pro^d ‘the subject-matter of our discussion is not the contri- 
butions of normal psychology to abnonnal psychology but the reverse 
As regards the schools of psychiatry I don’t think that I shall be wrong 
if I say that the improvement in the outlook and methods that is now 
noticeable in them, is mainly due to the influence of psycho-analysis. 
I repeat that I have not separately mentioned Jung, Adler and others’ 
contributions as I believe that valuable factual meterials of these researches 
as distinguished from the philosophy underlying them, have been incor- 
porated in the psycho-anal^ioal system. 


1 Freud — Introductory Lectures on Psycho-analysis^ p. 35. 
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Now I come to the third poiat, viz., the so-called paa-sesnialism of 
l^Vond which, I notice, has been raised by only one of the participants. 
I mtist admit that I was rather surprised to find this old objection brought 
<>ut an<iw. The point has been discussed threadbare in psycho-analytical 
litoraturo and the erroneous conception about the term sexuality which 
lies at the root of this objection has been fully exposed. To be shocked 
at the term ‘polymorphous perverse ’ is perhaps an indication of intellectual 
and cultural aristocracy and I cannot of course ask anyone to lose his sense 
of respectability even if that means merely giving up untenable theories 
and nccopting what the logic of facts inevitably leads to. The present 
objector belongs to the state described as the buffer-state between analysts 
and their opponents and I follow the advice given by Freud by not entering 
into pok^mics with him. Authority is certainly a valid method of proof 
in many cases but in the face of the outstanding factual evidences collected 
in a thoroughly scientific manner by distinguished and patient workers, I 
shall l>o pardoned I hope, if I do not find my way to accept the opinion 
of Stt^rn quoted by him, and to reject unceremoniously like him the concept 
of infantile sexuality. 

4, The next point raised concerns Freud’s interpretation of art, 
religion and other cultural products. It is only to draw attention to the 
fact that in circles which are expected to he well informed, gross miscon- 
ception about psycho-analysis still prevails that I have referred to this 
point- I am glad to say that the majority of the participants who have 
rofom^tl to this topic, realize the importance of the contributions made 
by psycho-analysis towards understanding these cultural products. One 
gentleman however the critic just referred to has characterized Freud’s 
t-hoory regarding these as ‘masterpieces in the art of S3rstematizing phan- 
tasies In the first place I contend that phantasies have an importance 
of thoir own and have a legitimate place in the intellectual and practical 
lives of men. Before the Taj had materialized in marble on the bank of 
t h(^ titxmuna it had its ideal existence in the phantasies of tke ’G-reat 
3^m|M^ror, In the second place, I maintain that they have a due part to 
j>Iay in the hypotheses of every science, even of such objective sciences as 
physicH and chemistry. The progress of scienc^ is hut the gradual concrete 
realization of phantasies. Lastly, I would point out that the objector has 
t hon)agbly failed to appreciate and has therefore completely ignored the 
f >atieiit and painstaking investigations that lay at the root of these theories. 
In <>no of his lectures Freud said, ‘I have often had the impression that our 
oppOTK^uts wore unwilling to consider this source (viz., particularly difficult, 
inf;cn«c» and all-absorbing works) of our statements, as if they looked upon 
tihenr *ih ideas derived subjectively which anyone could dispute at his own 
sw<Hn. will ’,1 The lecture was delivered in 191 7. It is to be regretted that 
I havo Btill to refer to this statement of Freud in 1938. As the heart of a 
frog that is decapitated, still continues its throbbings; old objections, it 
tliough robbed of their essential elements, still continue their 
fwntxlicj walking in and walking out of the stage. The audience is amused 
at persistent entrances and exits but is not inclined to take them 

B(!iriouHly* 

It is not Freud and his followers alone who have detected the sex- 
(dem<Mii. in art. ‘Luring the ascent through the animal kingdom^ an im- 
I>ortanli displacement in the fundamentals of the procreative instinct has 
taken place. The mass of the reproductive products with the uncertainty 
of fisrtilisaation has more and more been replaced by a controlled impregim- 
tion and. an ofTootive protection of the offspring. In this way part of the 
energy r(H;iuirod in the production of eggs and sperma has been trans^sed 
into tho creation of mechanism for allurement and for protection ot the 
yoting. Thus we discover the first instincts of art in a n im a ls used in the 
scrvict-) of tho impulse of creation and limited to the breeding season 


3- Fmud — Introductory Lectures on Psycho-analysis, p. 208. 
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It can be a surprise only to those to whom the history of 
known to find how few things there are really in human life ■whi< ^ ***iih« » v< ** 
reduced in the last analysis to the instinct of procreation.’ J iio 
a quotation not from any of Freud’s books but from tb© 

Unconscious (p. 80) written by Jung whose theories boca^xiHO 
freedom from the so-called sex bias seem to hold a greater* swivy o\ 
objector’s mind, < n i*r«^ 

I do not understand why any botanist who has learned * “V * ^ 

cess of fertilization, etc, of plants, should lose his power of *xx>p*J*'*‘* 
the beauties of flowers. Had there been any necessary conn.©© 
scientific knowledge about the origin of things and power of 1 1 Jjj 

them, the physicians, I think who are intimately acqua.iat»o< i Y 
anatomy and physiology of the human body, would have been t‘4 it'tiH i ^ ^ 

ceptible to the charms of the feminine beauty. Bxperienco, lx< >w<>v<*r, * * 
not confirm such an imgallant view about physicians, An 
search work in the field of arts and sesthetics of the type •ui!Xtl«’'rTaK**if* 
Freud, 1 Jones, 2 Saohs,^ Warbuxton Brown, ^ Haidar^ and obbior^ »h 
worth more than a ton of moral denunciation by ameteur orit:*it*H* ^ 

In his book The Origin of the Sense of Beauty (publislx*’>< 1 
Felix Olay says, ‘The emotion of sex is one of the ©motions tdittt plity ** >* 
highly important part in art feeling . . . Those who 

love, and devoted their lives to religion or art, have still tvliin I 

^tinct (sex instinct) acting as an impelling force, though it jmxy t iik*« f « *r# 
in which the direct connection is dijBficult to trace . . im. rtf* 

exhilarating fascination in talking to or even seeing, a beaiitdFuI \%*«*i*trt^** 
that is in a way not unlike the effect of a work of art ’.® DEIorlx>rf 
who cannot certainly be assumed to have been spoiled l>y 4*1 Kn*f 
S37stem of thought, pointed out ‘that the greater part of wha.b W'o 
in the organic world is in some way dependent upon the soactial 
. . . It is interesting, too, to observe how the conceptiotfc of 
beauty is in a considerable degree thus originated. And tlrxo <• 

tion that the element of beauty which grows out of the sexiaal art ^lut iof i i« 
predominant in aesthetic product ... in music, in. tlxcs *i» 

fiction, in poetry . . . gains a new meaning when wo how 

down in organic nature this connection extends I mexy 4x1 ho 
here that in an experiment conducted by me the suiprisirig 
itself that even such simple experience as aesthetic preforeii.c.*<% for 
curves and other forms was determined to a large extent hy x**>f<*r**t l<it 
the human body. 

The bringing into relation by Freud of such an. en.n.ol>liiig tnill iirfi) 
product as religion with such a gross physical ixiatter as sojc han u*' 
ofifence to the same participant. Besides referring to tlxo 
that I have made just now with regard to the criticisms oC t hti 
analytic theory of art. I may add that psycho-analysts arc xiot- i\u* 
guilty and guUible persons who have been struck by the soacua.! ^ 

of many of the forms of religious practices. In an e>c<?ollt’^xit^ 

Simpson Marr, a graduate in Divinity, has considered in debailtH t 


iFmud-— ‘The Relation of the Poet to Day-drearnirip: / 

Papers^ Vol, IV, pp. 173-83. 

2 Jones— ‘A Psycho-analytio Study of Hamlet,’ in 

Psycho-anal/ysw, pp, 1-98. * ^ 

® Hans Sachs — ^‘Aesthetics and Psychology of the Artist# ^ //*/ / 3 * 

Vol. n, pp. 94-100. ' . 

" 

® Op. cit., p. 101. 

^ H. Spencer — Pri/runples of Biology y Vol. D, p. 253, 
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between sex and religion from various standpoints. He mentions that 
William Blake considered religion to be merely the corruption of sex. 
D. L. Lawrence ‘bitterly attacked the Church and the clergy for the attitude 
they adopted towards sex and perhaps driven to extreme ‘by the narrow- 
ness and futility of the Church with regard to this great theme he sought to 
make of sex a new religion and he went so far as to say that the way to find 
God was to find Him through woman’. 2 One of the noted writers and 
critics of the modem times C. E. M. J oad who is perhaps further away from 
psycho-analysis than our present objector, has in one of his books, discussed 
at some len^h Freud’s theory of the origin of religion. After pointing out 
where he differs from Freud he concludes ‘with most of what they assert 
I am largely, if not entirely, in a^eement. I think that the interpretations 
they give of the origin of religion in terms of the needs which it fulfils, 
and grounds of its appeals in terms of the wishes that it rationalizes, are 
in the main true 

I refrain from quoting passages from other eminent thinkers of the age, 
like Bernard Shaw, Bertrand Russell, etc., who have appreciated the fact 
what the codes of religion are somehow intimately connected with the ways 
of sex. What the psycho-analysts have attempted to do is merely to make 
a scientific study of this intimate connection and to elucidate the points of 
contract. In this attempt they have created a host of antagonists. The 
opponents have taken every possible opportunity attacking the analysts 
from their vantage ground of aristocracy and respectability, TJidbr- 
tunately their objections and rejections are not always based on an exami- 
nation of the materials and so even when they are convinced against 
their will about the truth of the psycho-analytical findings they still prefer 
to cherish their old previous opinions. Even if the studies by eminent 
anthropologists and antiquarians of the various forms, rites and customs 
of religion of the primitive people be left out of account, an unbiassed 
critical and historical study of the rise and development of any religion will, 
I am sure, sufficiently make out a case for the fact that sex is one of the 
most important basis of religion and will thus corroborate the psycho- 
analytical interpretation. 

It has been pointed out by Freud himself and many other writers on 
several occasions before, that the objections of the type cited above to 
infantile sexuality and to the connection of sex with art, religion and other 
products of culture generally arise from a misconception of what is meant 
by sexuality in psycho -analytical literature. It is, of course, difficult to 
give a precise meaning of the term ‘sexual’. In psycho-analysis, the term 
has got a wider connotation than the popular meaning of it. In popular 
view sexuality means something improper and something connected with 
reproductive function. A little logical consideration together with psycho- 
logical examination of collected facts will clearly convince anyone that this 
view is an unnecessarily narrow conception. It is a credit to psycho- 
analysis that it has restored to the word sexuality its true breadth of 
meaning. 

6. I shall now touch upon the question of anxiety and Oedipus 
complex which have been raised. Says one of the participants ‘ credit must 
be given to Freud for recognizing recently, this much at least, that Oedipus 
complex has passed away and does not exist in the normals and greater 
credit still for his more recent assertion even in regard to the neurotics, 
that “ we shall have to abandon the universality of the dictum that the 
Oedipus complex is the nucleus of the neurosis ’ He regrets that the 
followers of Freud ‘still stick first to the old and abandoned ideas of their 
leader and are too slow to follow his pace of progress ’. In reply, I thinlc, 
I must first of all congratulate Freud for the felicitation that he has received 


1 Marr — Sex in Religiony p. 15. 
a Ibid., p. 15. ’ 

3 Joad — The Present and Future of Religion, p. 124. 
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from the participant. In the next place, I must admit, that I have not 
been able to follow precisely what exactly is the point that has been 
stressed so much and for which credit has been given to Freud. Bose’s 
recent studies seem to show that even in normal persons Oedipus complex 
does not really pass away. Even accepting the ordinary meaning of 
Freud’s statement ‘Oedipus complex has passed’, I do not think that 
Freud thereby advises his followers to give up the conception of the 
Oedipus complex altogether. When I say that the childhood of my 
friend has passed, I certainly do not mean that his childhood never existed 
and that like Sukdev of the Puranas he was bom a full grown adult with 
mature wisdom. Probably, like the world famous critic referred to by 
Freud in his New Introdvctory Lectures on Psycho-analysis^ my friend 
here is labouring under some misconception. The critic said to Freud, 
‘I ^ only a literal^ man, and you are a man of science and discoverer. 
But there is one thing I should like to say to you : I have never had any 
sexual feeling for my mother ’. Freud replied, ‘But there is no need at 
aU for you to have been conscious of it, such processes are unconscious 
in grown-up people ‘ Oh so, that’s your idea,* said the critic greatly 
relieved and pressed Freud’s hand. It is my hope that one day our 
present objector as also many others like him, provided they patiently 
pursue their study of psycho-analysis in the proper scientific way will 
similarly feel greatly relieved and say, ‘ Oh so, that’s their idea ’. It must 
be admitted also that changes have been recently introduced and modifi- 
cations made in the system of ideas that were so long current regarding 
the origin and states of anxiety. Here too we should not fall into the 
error of supposing that all that have been said heretofore regarding anxiety 
should be scrapped altogether and that we should have to start again with 
a clean slate. In one of his latest books InhihitionSf Symptoms ancl> 
Ariwiety (published 1936) says Freud, ‘there is no need to be discouraged 
by these emendations in our theory. They are to be welcomed if they 
do something towards furthering our knowledge, and they are no disgrace 
to us so long as they enrich rather than invalidate our earlier views . . . 
by lumting some statement, perhaps that was too general or by enlarging 
some idea that was too narrowly formulated It will thus be seen that 
neither the concept of the Oedipus complex nor the concept of anxiety 
has been given up, rather both have received deeper significance. 

6. I next come to the doubt that seems to be entertained by some 
about the scientific nature of psycho-analysis. The theories of psycho- 
analysis, they mainteun, are not capable of being verified by laboratory 
experiments . and hence they hesitate to accept psycho-analysis as a 
scientific discipline. I readily agree that experimentation in the above 
sense is difficult to perform in the field of psycho-analysis. Maiti has shown 
that though difficult it is not. impossible to devise suitable laboratory 
experiments in order to test. the validity or otherwise of psyoho-anal 5 rfcioal 
findings. I think, however, that laboratory test should not be considered 
the oifiy criterion of deciding a,bout the scientific nature of a discipline. 
Experiments are not possible in many of the recognized sciences, but 
nobody denies their scientific character. Close systematic study of facts 
patiently collected and minutely observed and logical treatment of the data, 
these are the essential characteristics of a science. I am yet to find a 
person who has gone through the writings of Freud and has not been struck 
by his patience in the collection of facts, his unprejudiced scrutiny of the 
materials and the solid foundations of his theories. To depend on expe- 
riments alone in estimating the scientific character of a branch of study 
is to betray a form of intellectual weakness which has been very aptly 
described by Fra n z Alexander. Referring to the modes and virtues of 
mo(fem research he notes the danger that confronts the scientific workers 
of the present day. Says he, ‘This danger is not restricted to scientific 


1 Op, cit,, p. 148. 
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laboratories, it is a general problem of the present age. Man, the inventor 
of the machine, has become the slave of the machine : and the scientist 
in developing highly refined methods of investigation has become not 
the master but the slave of his laboratory eqmpm .... A naive 
belief in the magic omnipotence of the technical procedure leads to a 
routine, often sterile submersion in details without interest in or under- 
standing of larger coimections It is this attitude that leads many to 
regard ‘suspiciously everything that entails reason. and not merely observa- 
tion’ and to be, he continues, ‘comtemptuous about theories, not to say 
hypotheses, that are yet not proven. There is a naive adoration of pure 
facts” which are collected without any leading ideas’ 2 So even though 
psycho-analytical theories may not be subjected to the control of the 
laboratory technique I do not consider that the scientific character of 
psycho -analytic procedure is thereby prejudiced in any way. 

7. A difficulty in the way of rapproachment between psycho-analysis 
and psychology has been pointed out specially by Haiti. Psychology 
cannot easily ^ve up the terms and concepts that it has arrived at by 
the fruits of its labour for centuries and cannot readily assimilate the 
new technical terms of psycho-analysis. I feel the difficulty to be a real 
one. A way should be foimd to get over this difficulty. Perhaps con- 
ferences arid symposium discussions will be able to render help in this 
respect, provided there be no mutual suspicion between academic psycho- 
logists on the one hand and the professed psycho-analysts on the other. 
I am. doubtful, however, as to whether symposium discussions, as 
been suggested by another, will be able to decide about the truth or other- 
wise of a particular psycho-analytical theory, because I feel that in such 
discussions moral and other extra-psychological considerations are likely 
to create unnecessary obstructions, 

8. I am su^rised that psycho-analysis has been accused of doing 
a positive disservice to psychology by introducing mechanistic conception. 
One of the fundamental conceptions of psycho-analysis is dynamism and 
if psycho-analysis has rendered any service to psychology it is its emphasis 
on the dynamic aspect of mind that should be given a pre-eminent place. 
The nature of this dynamism has been very well expressed by another 
participant who has said that before Preud there was no psychological 
objectivity worth mentioning and that ‘objectivity in psychology is 
achieved^ only when the object of psychological study is grasped sls the 
living Mind what lives on more than food, what shapes and uses the ins- 
trument of its action and grasps all things of the world for the sweetness 
thereof’. If it be deterministic view of mind that is sought to be assailed 
by the statement I have only to point out that determinism lies at the root 
of all sciences and psycho-analysis cannot claim any conception. 

9. Seeing that psycho-analysts explain the custom of burial as a 
return to the mother’s womb, they have been challenged by one of the 
participants to give a psycho-analytical explanation of the custom of 
cremation. I frankly admit that I have no ready-made explanation to 
satisfy him, neither do I know of any explanation of this custom in current 
psycho -analytical literature. There is no death of men of poetical and 
fanciful imagination among psycho-analysts and if psycho -analytical 
theories are nothing but systematization of phantasies it is rather curious 
that no one has yet waved into a theory of cremation. 

10. These are the main points that have been stressed in the sympo- 
sium articles. Before concluding I would like to mention one other point 
which concerns me personally. When the President of the Psychology 
Section requested me to open the symposium, I confess that I felt nervous 
because of the vastness of the task that was entrusted to me. To en- 


^ Alexander — ^Introduction to Mortimer Adler’s work. What Man has 
made of Man, p. ix. 

^ Ibid., p. X. 
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compass 'within a space of ten type-written pages all that can be said 
about contribution of Abnormal Psychology to Normal Psychology is 
certainly a difficult problem. After due consideration I thought that 
it would be best under the circumstances to confine myself only to broad 
general problems and to begin with a short introduction, briefly touching 
upon the other prevailing schools of psychology. That is the reason 
why I have not gone into details either of any school of psychology or of 
any particular problem. My thesis was and still is that it is psycho- 
analysis that metamorphosed academic psychology and has made the latter 
a living science. I have tried to the best of my ability in the original 
paper as also in my subsequent statements to present evidences for my 
thesis. I may mention that in this effort of mine I have only attempted 
to supplement what has already been given expression to by Bose in his 
article on Psychology and Psychicdry (I. J P., Oct., 1931) and Haiti in his 
Concept of the Unconscious in the Mental Processes (Pro. 4th Phil, Gong., 
1930, p. 341). 

Obstcrvations by other Psychologists. 

Lt.-Gol. J. E. Dhunjibhoy’s reference to concrete cases proved highly 
amusing as well as instructive. Br. N. N. Sengupta and Dr. Indra Sen 
emphasized the methodological aspect of the problem, while Prof. H. D. 
Bhattaoharyya stressed the social point of view in the determination of 
normality. Dr. Purusottam referred to the contribution made by Prof. 
Spearman. Dr. N. S. N. Sastry pointed out that ancient Indian Psycho- 
logy recognized the importance of "Kama* in the mental life of man. Dr. 
S. K. Moitra also drew attention to researches in ancient Indian Psychology, 
Messrs. IT. S. Gheba and S. P. Aranya and others took part in the debate. 
The new points raised were answered by Dr. S. C. Mitra and the discussion 
was finally summed up by Dr. G. Bose. 


XIX. THE APPLICATION OP STATISTICS IN AGRI- 
CULTURE. 


(Section of Agriculture, in co-operation with the Indian 
Statistical Conference.) 

[No report of the discussion has been received.] 


XX. RECENT ADVANCES IN MOLECULAR STRUC- 
TURE FROM THE PHYSICO-CHEMICAL STAND- 
POINT. 

{Sections of Mathematics and Physics and Chemistry, in 
co-operation with the Indian Physical Society.) 

1. Dr. K, N. Mathur, Lucknow. 

Magnetism in relation to molecular structure. 

2. Dr. Mata Prasad, Bombay. 

X-Ray and molecular structure. 
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3. Db. B. K. Asundi, Aligarh. 

4, Db. P. N. Sent-Gupta., Kohlapur. 

6. Db. H. K. Tbtvedi, New Delhi. 

6. ‘ Db. D. M. Bose, Calcutta. 

7. Db. K. S. Kbishnan, Calcutta, 

8. Db. S, N. Bose, Dacca. 

[No report of the discussions has been received.] 


XXI. THE POSITION OF ENTOMOLOGY IN THE 
INDIAN UNIVERSITIES. 

(Sections of Zoology and Entomology,) 

A joint discussion on ‘The position of Entomology in the Indian 
Universities’ of the sections of Zoology and Entomology was held in the 
Zoology section (Chemistry Room I, Presidency College, Calcutta) on 
January 7, 1938, at 11 a.m. under the chairmanship of Prof. G. D. Hale 
Carpenter, Oxford, 

1. Mb. M. Shakie, Aligarh. 

The importance of Entomology to Agriculture, Medicine, Veterinary 
and Forestry, and the rapid advance that h^ taken place during the 
past 30 years reveals a changed outlook. It is desirable that the teach- 
ing of Entomology should be placed on sound footings. Separate 
Departments of Entomology independent of Zoology should be started 
in the Universities. Entomology should be given an equal status with 
Zoology and Botany. It is, however, essential that an advanced student 
in Entomology has a good foundation of Zoology but if the Departments 
of Entomology are not separated from Zoology, then there is danger 
of Entomology being ignored, as is happening to-day in the Indian 
Universities. 

2. Mb. Duboadas Mutcebji, Calcutta. 

Insects play a very important r61e in the life of an agricultural and 
tropical country : (i) in health, (ii) in agriculture as pests of crops, etc. and 
in pollination of flowers, (iii) in cottage industries — sericulture, apiculture 

Bekdea, Entomology presents scope for problems of wide scientific 
interest — adaptation, colouration, mimicry, genetics, etc. etc. 

The vastnoss of this science necessitates its study as a full subject. 
India offers problems of applied value which require trained Entomolo- 
gists to study. Entomology should be included as a special subject at 
the post-graduate stage of the Zoology course. ^ j a. 

At present provision for teaching and research m advanced Ento- 
mology in Indian Universities is meagre. . , T.. 

Agricultural Institutions should not be burdened with the teachmg 
of advanced Entomology, which should be the duty of the Universities. 

Co-operation between Universities and Agricultural and Medical 
Institutes is necessary for the teaching of advanced Entomology. 
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3. Db. D. P. Raichoitdhuby, Calcutta. 

As compared to the Universities in Europe, America and Japan 
the position of Entomology in the Indian Universities is disappointing. 
Applied Entomology has an important bearing on improvement of 
agriculture in India. 

Separate Entomological Departments should be established in 
Universities and senior Zoology students taught advanced Entomology 
with particular reference to applied Entomology. 

Encouragement should be given to teachers and students to take up 
Entomological investigations. 

Special attention should be paid to problems connected with 
sericulture, apiculture, lac industry and insect pests of fruit, vegetables, 
stored products, timber and tobacco. Business men coimected with these 
industries should be brought into closer contact with the Universities for 
mutual help. 

4. Db. Hem Singh Prxjthx, New Delhi. 

The present position of Entomology in Indian Universities and 
cou^s in Agricultural College. Post-graduate training at the Imperial 
Agricultural Research Institute and elsewhere. Difficulties in finding 
students with adequate fundamental knowledge of the science of 
Entomology. Post-war development of Entomology in European and 
American Universities. Place of Entomology in a Zoology course for the 
degree examination and in post-graduate work. Need for trained 
Entomologists. Scholarship for post-graduate training — ^Indian Central 
Cotton Committee, the Imperial Council of Agricultural Research and 
Universities to provide these. 

6. Db. P. Seniob-White. 

I am only intervening in this discussion of teachers of this subject, 
because I have under me about a dozen posts in what is really no more 
than applied Entomology. When I started, ah initio the Malaria Section 
of the Medical Department of my Railway, the finding of subordinate 
staff presented great difficulties. Naturally, I started with the qualified 
Sanitary Inspector. I found, in this country, that his knowledge of 
Entomology from his course consisted in telling an Anopheline from a 
Oulicine larva. He could not use a dichotomic key and has no familiarity 
with a microscope. [AU malaria control under me is strictly by species 
and involves larval and adult identification ....]! then tried the 
Sub. Asst. Surgeon, and found him equally ignorant in all those aspects. 
Gradually other types of applicants approached. The B.Sc. (Agric. or 
Zoology) can use a microscope, and a key, and quickly learn the common 
forms of culicid systematically on which malaria control is founded. I am 
now giving preference to applicants so qualified. 

But, malaria control is not pure Entomology. It involves some 
acquaintance with Botany and other Sciences, mvolved in Ecology, which 
would not be available if a man has specialized throughout his University 
career in Entomolo^ only. I therefore suggest that a basic training in 
general zoology, prior to specialization in Entomology, should not be 
departed from. But, as traii^g in Malariology at Kamal, Shillong, is 
conned to those with a medical qualification, I would urge that some 
Indian University make a similar course to Kamal available to the Zoolo- 
gist. 


6. Pbof. B. K. Das, Hyderabad. 

• ^ Entomology is a growing science and is of utmost importance to the 
national welfare of India. It should be taught as special subject in the 
Post-Graduate classes in the Universities. Where there is a department 
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of Zoology a Reader or a Lecturer in Entomology should be appointed — 
in a word, it should be a special part Zoology. 

7. Dr. S. Peaphan, Lucknow. 

The importance of Entomological studies is undoubtable, unquestion- 
able and immensely great and any amount of repeated stress on this point 
is not out of place. 

Entomology as part of Zoology Course : — ^In the study of zoology we 
have to do equal justice to the whole of the animal Imgdom and the 
animal kingdom consists of so many phyla and each phylum consists of 
so many classes ; thus out of a very large number of classes the class hiseota 
is only one. The student of Zoology, therefore, can afford to devote a 
negli^bly small portion of his time and energy to the study of Insects, as 
from the pure knowledge point of view all closes are regarded of equal 
status and some times a single genus like Peripatus constituting a separate 
class is given more attention than the whole of the insect world. It is there- 
fore absolutely impossible to do full justice to Entomology until and unless 
it is raised to an equal status to the rest of zoology. As a justification 
for this suggestion reference may be made to the study of Metcalf and, 
Flint (Destructive and Useful Insects) which graphically shows that the 
number of the known species of insects is many times larger than the 
total number of the rest of the species of the animal kingdom. Even 
from the purely academic point of view, therefore, it should not be regarded 
as being unjustified to demand an equal status for Entomology. 

The Attitude of the Universities : — ^The next question is as to what 
attitude the Universities should adopt imder the present circumstances, 
i.e. so long as Entomology is not raised to an independent equal status 
due to financial and other difficulties. In this connection I may refer 
to the practice followed at Lucknow, In this University, the provision 
is such that if a stixdent decides in time to specialize in Entomology 
(also in other groups) he is allowed one full year, after the Honours course 
to devote exclusively to the study of insects. In this year he is expected 
to specialize in insects for the M.So. degree, i.e. to make a general study 
of the various aspects of Entomology and thus to prepare himself for a 
more intensive work in any particular problem. As to how far this practice 
is beneficial or othorwise this distinguished gathering can best decide, 
but as a student of the same system I may give my evidence that this 
is very useful practice. To bo allowed to devote one full year to general 
Entomology before confining to any particular problem is very tiseful 
from the student point of view, and if the other Uixiversities encourage 
this practice they will be doing their duty at least in some measure, to tms 
important science of Entomology. 

Difficulties in Entomological Studies : — ^It is an absolutely established 
fact that d\iQ to the absence of reference collections. Taxonomic work is 
an utter impossibility in most of the Indian Universities. The best way 
in which the Universities can serve this important science is by contri- 
buting morphological and physiological studies on the various groups 
of insects. Intensive morphological studios can prove of great help in 
determining tlio economic value of insects. The importance of the study 
of mouth parts has long boon recognized in Economic Entomology, and 
the historical and physiological studies of the insect gut promise valuable 
results for the use of economic entomologist. The gulf, as a matter of 
fact, botwecin the academic and applied aspects of Entomology is lesser 
than the gulf between pure and applied aspects of other sciences. It is 
therefore desirable that the Universities and research institutions should 
join hands and march to a common end. There should be only a simple 
division of labour so that pure Entomology may be tackled at the Univer- 
sities and applied aspects at the research institutions . 

8. Prof. O. Mattkai, Dr. Ayyab and a number of speakers felt 
the necessity of strengthening the teaching of Entomology in the Indian 
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Universities and the desirability of introducing the subject in our Uni- 
versities. 

9. pBiNcrPAi. Atzal Hussain, Lyallpore, moved the following 
resolution in the full session, seconded by Mr. Mukherji, Calcutta. 

‘That on account of the growing importance of Entomology fuller 
facilities for the teaching of Entomology should be provided by the 
Indian Universities.’ 

The resolution was carried unanimously. 


XXn. BIOLOGICAL CONTROL OP INSECT PESTS. 


A joint discussion on ‘Biological control of Insect pests’ of Sections 
of Entomology, Zoology and Agriculture was held in the Zoology room 
(Chemistry Boom I, Presidency College, Calcutta) on January 4, 1938, 
at 1-30 p,M. under, the chairmanship of Prof. P. A. Buxton, London. 

1. Hb. Uxtbgadas MnxBBii, Calcutta, opened the discussion. 

Under Indian conditions only cheap methods of insect control, 
which do not demand any special skill or knowledge on the part of 
the farmer, have any such chance of success. Biological control of 
insect pests satisfies the above conditions. Possibilities of biological 
control in India : A number of parasites of insect pests occur in this 
country in different parts, some of these have been profitably employed 
by American and Australian fruit growers. Before biological control 
can be attempted a thorough knowledge of parasites is essential. 

A Central Biological Control Research Laboratory should be estab- 
lished to collect data, prepare reports and lists of natural enemies of 
insect pests and to breed such useful insects and distribute them among 
the cultivators. This organization should also carry out investigations 
on the principle of biological control, and study the bionomics of 
parasites and their ecology. Universities specializing in Entomology 
should institute scholarships for the purpose. 

^ Research work shotild be conducted to raise disease -resistant 
varieties and to study the incidence of pests in relation to soil conditions. 

2. Db. P. Sbn, Calcutta. 

The success of biological control of insect pests depends on accurate 
knowledge of the ecological factors which govern an insect outbreak. 
Insects may be controlled biologically through their parasites, by some 
physiological or physico-chemical changes in their environments, or by 
producing immunity in their hosts. The methods naturally vary in 
different spheres of applied Entomology. In the domain of medical 
Entomology biological control of anophelines through fish have given 
very confusing results. The fish do not appear to be very useful in 
reducing the anopheline fauna under natural conditions in Bengal. On 
the other hand by disturbing the nitrogen cycle of the soil and its saline 
contents a change in the fauna of a breeding place may be brought 
about and a natural control of a noxious species effected. By control- 
ling the food factors of anophelines through some changes in the flora in 
their habitat, control of particular species may be effected. Success 
of control through parasites depends on the determination of the true 
nature of the parasite to be used. Superficial knowledge is of no use. 
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For instance Eurotoma saliciperdce, a chalcid long regarded as a parasite 
of the cecidomyid midge Rhahdophaga saliciperda has been found to be 
nothing more than an inquiline. Several other instances of the same 
type may be cited. 

It is only after careful prolonged researches that biological control 
can be placed on a sound footing. 

3. Mr. S. N. Gupta, Ranchi. 

A selective sequence of parasites and predators, which will attack 
the injurious insect in different stages of its development, so that the 
component members of this sequence will act in harmony, is essential to 
effect a successful control. Further the parasite should be capable of 
outnumbering its host, there should be a higher percentage of females in 
its progeny, greater number of generations and ability to locate and 
attack the host. It should be specific where the host has overlapping 
generations and polyphagus where there are no overlapping of genera- 
tions or when other factors render the particular stage of the host not 
easily available. 

The importance of predators or parasites as biological control to 
a certain injurious insect depends on a large number of factors, but 
where available, predators are more important and effective than 
parasites. 

Artificial (mechanical, physical or chemical) and biological control 
measures are supplementary to each other rather than incompatible. 

4. Dr. Hkm SiNOJi Pruthi, New Delhi. 

The employment of parasites as a means of combating pests is 
undoubtedly the ideal method when successful. A large number of 
entomological worhors in different countries are engaged in studying this 
method, in some cases success has crowned their efforts. In several cases 
attempts have been made rather prematurely without proper study. 
The first and foren\ost requisite is a critical ecological study of the host 
and parasite in the laboratory and in the field. The influence of different 
environmental factors on the feexmdity and longevity of the pest and 
parasite must be ascertained, the vital limits established, the rate of 
development and mortality of the different pre-imaginal stages under 
different conditions investigated. It would then be possible to ascertain 
the comparative or ciifforontial effects of environmental factors on the 
host and its parasite and to take advantage of conditions which are 
favourable to the parasite but unfavourable to the host. 

Successful cases of biological control belong to the category of 
introduced parasites and when optimum environmental requirements 
have been obtained in tlio new country. It will bo of little use to attempt 
the introduction of a parasite into a country with a climate very different 
from that prevailing in the insects’ original home. Moreover, before 
attempting such introduction the potentialities and possibilities of the 
insect as a pest of any crop plant and its reactions on other useful 
parasities must he worked out. 

It is a fact that no outstiiixding successful case of biological control 
can bo cited from continental regions, but this should not deter workers in 
India from exploring the possibilities. There are important physical and 
climatic factors and extensive mountain and desert bolts which act as 
fairly effocitivo insect barriers dividing India into zones, each with its 
typical insect fauna, very much like the islands or insular regions where 
successes by biological control have boon obtained. 

With indigenous parasites, in spite of mass-multiplication and 
liberation, little success has been achieved. It is argued that although 
the population of an indigenous pamsito in nature may be low the total 
number in a locsality is far too high to bo appreciably affected even by 
apparently largo subsequent liberations. This is not always true. There 
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ai6 cases in which an adverse season seriously reduces the parasite 
population without affecting the host to the same extent. Therefore the 
parasites come into prominence very late in the seasonal activity of the 
host in nature. The numbers of a parasite in the beginning of the 
competition cycle may materially help the parasite to get a good start, 
and mass collection of the parasite during its abundance and helping it to 
pass unfavourable season either under artificial optimum conditions or at 
a temperature low enough to arrest its development without impairing 
viability, may help. 

6. T. N. Kbishna Ayyab, Coimbatore. 

Some aspects of Biological Control. 

Possibilities of biological control particularly in respect of an in- 
digenous insect like Pemphers affinia Frh, the cotton stem weevil of 
South India. I have been actually engaged in exploring the possibilities 
of the biological control of this weevil borer for the last two years and I 
wish to narrate my experience and methods of tackling the problem so as 
to prove that this method, though based on sound principles, is not so 
easy as is often represented. It requires great care and technical skill 
There are many factors to be studied which are unknown. — ^We have to 
know aU about the pest and parasites and their ecological complex of 
factors. Concerning the pest, it has to be ascertained whether the 
pest is an introduced one or indigenous for the methods differ in the two 
cases. As most successful cases of biological control are found in cases 
of imported pests, there arises the question whether native pests can be 
succes^ully tackled by this method. As Thompson says this method is 
universally applicable under favourable conditions. An instance to 
prove this may be taken from leap .... beetle of coconut in Fiji, 
In the case of a native insect the same principles as those of an introduced 
pest hold good. Only instead of finding the original homo of the im- 
ported pest we have to find out the original habitat of the native pest. 
From its original habitat the natural enemies may be brought and intro- 
duced in cultivated areas. My search has proved that m the case of this 
weevil its original habitat is not probably cotton but some wild plant. 
I have also obtained a few parasites which are absent in cultivated areas. 
It remains to be seen whether these parasites will establish and accom- 
modate themselves in cotton fields. 

6. S. Pbadhak, Lucknow. 

In Biological control effort is generally made to find out some predator 
or parasite which directly and immediately attacks the insect which it 
is desired to control. In this effort a lot of energy is spent, and when 
a suitable predator or parasite is not found locally, effort is made (often 
with failure) to transport a suitable controlling agent from other parts 
of the world. May I put forward my belief that much success may be 
obtained if energy is concentrated on an intensive study of local Biology 
specially the relation of one living being to another in a certain area. 
This study is sure to reveal what may be called the Local Balance Cycles 
in which one living being is dependent on the other. After such balance 
cycles are ascertained it will be easy to spot out the weakest point in the 
cycle whence it is easiest to disturb the balance and thus to control a 
particular insect pest. 


7. Db. T. V. B. Ayyajr, Madras. 

I referred to my paper on this subject read at the Benares Session 
of the Congress in 1925. Having no time to speak on all the saHent 
points I referred to the following as the most important points in this 
matter. 
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(i) A thorough aud systematic and bionomic study and survey of the 
-entomophagous insects of India so as to know what are the forms we have 
in India at present. 

(ii) The importance of various kinds of parasites and complexes 
connected with insect pests so as to eliminate the injurious from biological 
forms. This required a good deal of artificial breeding and careful release 
of the beneficial forms. 

A slide of the Nephantis caterpillar complex was exhibited to show 
this diJB&oult aspect of parasitism. 

I then referred to same work in India in connection with the cotton 
boll worm the ooccid loryx recently introduced in S. India and then on 
the work done in Madras on the coconut caterpillar Nephantis, I con- 
cluded by saying that, though the method is really very tempting and easy 
if siiccesaftd the method is not so very easy as many of us wish to think 
it to be. As I said before a good deal of careful work has to be done. I 
also exhibited a slide of the efficient prickly pear cochineal which was 
used in S. India extensively with great success. I concluded by warning 
entomologists and agriculturists that the method though very desirable 
and efficient is not such an easy method to accomplish. 

8, PaOF. G. H. OA.aPENT:oit, Oxford, remarked that how in Africa 
in case of Tsetse flies by changing the environmental conditions the pests 
can be brought into a chock. 


XXIII. ANIMALS AND THEIR DISEASES IN 
RELATION TO MAST. 

(SecHons of Medical Research, Veterinary Research, cmd 
Physiology,) 


PEOPESSOit Sib Fetcderiok Hobday, London. 

In India as well as in England there are certain diseases of animals 
and man which arc of mutual interest to the medical man and the 
veterinarian, whether on account of their analogies or their differences, 
or by reason of the fact that they are contagious from animals to man, 
or vice versa ; and it is not wise for either branch of medicine, nor yet 
for our mutual patients, for us to work in watertight compartments. 
It is bettor from every point of view that we work in collaboration. 
Some diseases, sxich as cancer, tuberculosis, anthrax, and tetanus we 
attack respectively in somewhat different ways ; whilst others, such as 
glandei's, rabies, foot-and-mouth disease, mange, and ringworm, can 
only be effectively dealt with by definite collaboration between medical 
men and veterinarians. There are others in which as yet there has been 
no effectual attempt at collaboration. Such ailments as common catarrh 
and the influenzas can be dealt with to mutual advantage from a com- 
parative aspect, as can mom complicated ailments such as Hodgkin’s 
disease, and such common ailments as rheumatism and fibrositis. An 
exchange of ideas as to the symptoms, methods of spread, etc. in our 
various patients is of undoubted help towards elucidation. In veterinary 
medicine, equally with the human side, the study of collateral branches 
of science, such as entomology or parasitology, is of material help, and 
in teaching colleges, as in hospitals, a knowledge of the life-histories of 
the various flics and insects which act as carriers or transmitters of 
parasites is as essential to the veterinary student as to his medical con- 
frere. In the clinical world, too, wo have many points in common, for 

6 
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OTir animal patients suffer from gastritis, indigestion, colic, internal 
parasites, colitis, swallowing of foreign bodies, and various forms of 
pneumonia and heart disease, to the same extent as human patients 
do, «md our veterinary treatments are similar in principle to those in 
human practice. The veterinarian has, however, a greater variety of 
internal arrangements to deal with, having to take into account whether 
his patient is herbivorous or carnivorous ; or whether, as is the case in 
man, it will eat anything and everylihing which it has an opportunity 
of eating. Some of our patients have only one stomach, whereas 
others have four — ^while the camel stands by itself in having three—so 
that their respective digestive processes vary very much in detail. 

I feel sure that when a number of these diseases, both epidemic 
and otherwise, are studied from this point of view, we shall be able to 
advance more quickly and find many new ideas and theories, which up 
to the present have not been thoujght of. It is not only in Great Britain 
that diseases may be studied in this way, for those who live in the tropics 
have also plenty of opportunity for following up comparative medicine. 
The different e&cts which various foods have on man and animals also 
form a good illustration. For example, the flour of certain forms of 
Indian pea has a nerve-paralyzing effect not only on the natives continu- 
ally fed on it but also on horses, producing laryngeal paralysis which causes 
dyspnoea on the slightest exertion. Again in entomology, in the 
study of the life -histories of the various flies and insects which act as 
carriers and transmitters of disease-germs or blood-parasites, the 
knowledge acquired by collaboration is of mutual benefit in epidemiology, 
not only in the diseases transmitted from animal to animal but in those 
transmitted from animal to man. In the short time now at my disposal 
I shall confine myself to a selection of a few diseases concerned with 
Public Health, which are communicable from animals to man, in the 
treatment of which the practitioner of human medicine can obtain material 
help from collaboration with his veterinary confrere. 

Glandters, 

This is primarily a disease of the hors etribe, and affects horses, 
asses, and mules. Its cause — ^the Bacillus maUei — is an extremely 
dangerous organism to work with in the laboratory. The disease is one 
which is most oommoiily met with amongst stable-workers and those 
who come in contact with horses, and a man can be readily infected by 
the discharge from the nostrils of an infected horse or even by handling 
the brushes, sponges, or stable-cloths, which have been in contact with 
a glandered horse. In the South African war it accounted for tho deaths 
of many thousands of our Army horses, and indeed in all wars it has been 
the bugbear for which the Army veterinary officer must always be on 
the look-out. 

It is so insidious that, until it has been present in the system for 
a certain len^h of time, its presence may remain unsuspected. Modern 
veterinary science has now, however, at its command a method by which 
the presence of glanders can be ascertained, for by the introduction of 
a few drops of mallein (a special preparation made from the Bacillvs 
maUei itself) the skilled veterinarian can make a diagnosis with certainty 
within forty-eight hours, even if the animal is infected only in the slightest 
d^ree. During the Great War, by means of this test, applied by the 
om^rs of the Royal Army Veterinary Corps, glanders was entirely 
eradwated from the horses and mules of the British Army, and it has 
applied so successfully in Great Britain that at the present time 
the ^ease has absolutely ceased to exist. This means that not only 
has it been eliminated ficom the list of ailments which tho veterinary 
si^^n IS c^ed upon to diagnose, but it has also been eliminated from 
the list of diseases in man ; and in an island country like Great Britain 
so long as the present regulations of the Veterinary Department of the- 
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Ministry of Agriculture and Fisheries are kept in operation the oountry 
will be free from this terrible affection. In India I understand that it is 
still a problem to be dealt with, but of this I hope to hear something in 
the discussion. 

Rabies, 

This disease has not been met with in man in England for more than 
thirty years, and it can never appear again as an epidemic in this country, 
so long as control is kept upon the importation of animals of the dog 
and cat tribe. The primary cause of rabies in man is the contact of an 
abraded surface of the body with the saliva of a rabid animal, and 
whether the infected animal is a horse, a sheep, or any other animal, 
it has always had its primary origin in a rabid dog and eat. The- 
Muzzling Order succeeded in eradicating the disease from Great Britain, 
and^ it then remained for the "Veterinary Advisers to the. Ministry of 
Agriculture and Fisheries to take steps to see that it was not reintroduced 
into the country . This explains the pre.sent quarantine regulations- 
imposed on all dogs and oats admitted from countues where rabies exists.. 
The absence of the disease is further proof of the value of the collaboration 
between the forces of the veterinarian and the medical Tnf>.n in the cause- 
of Public Health. In India you are much more heavily handicapped 
than wo are in England, especially on account of the numbers of pariah 
dogs, over which, I understand, it is difficult to obtain control. 

Anthrax, 

This condition is, I understand, even more prevalent in India than 
in England, and is particularly met with in cattle, horses, sheep and 
pigs ; the dog, cat and fowl possess a comparatively high power of resist- 
ance to the infection. It is a disease which is always serious and, in 
atdmals, invariably results in death. In cattle, especially, death is very 
sudden, and in Great Britain the Government has imposed laws and* 
regulations which provide that the body must be cremated as near as 
possible to the place where the animal died. It is forbidden, too, in 
any way to cut the carcase, for on many occasions those making, or 
assisting at, the post-mortem have become infected and have died in 
consequence. In cities and towns in England where wool from foreign 
countries is handled, disinfection is compulsorily adopted, with satis- 
factory results. If this practice could also be efficiently adopted in the 
case of hides, bone manure and other animal products, before they are 
imported into this country, the number of deaths from anthrax in man 
and animal would diminish considerably. Cotton, linseed, and other 
cattle-food cakes come into the s^e category. Once eradicate anthrax 
from the animal and animal products and eradication from man would 
automatically follow. Anthrax is primarily a disease for the Veterinary 
Surgeon, as it always originates from some product obtained or used 
by an aninial. 

Foot-and-mov:^ Disease. 

This disease has at times, in the daily Press, provoked a good deal 
of unwarranted criticism directed against the Veterinary Advisers ta 
the Ministry of Agriculturo and Eisheries, yet there is no doubt that, 
in England, they have adhered to the correct poKcy (that of ‘ Stamping 
out’). Wo have much upon which to congratulate ourselves when we 
compare our position with that of other European countries- The cost 
of Holland, France, Belgium, Denmark, and Germany, amounts to 
tremendous sums each year, and these countries never get any further 
forward in the matter, having the disease always endenuo. The foot 
that we are an island is of incalculable value to omr Mimstry of Agri- 
culture, whose responsibility it is to frame the laws which control the 
importation of animals from any country from which infection may be 
brought. 
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. The following statistical table, showing the respective numbers of 
outbreaks in other European countries during 1934, is convincing 


vidence : — 

Month 

Great 

Britain 

France 

Germany 

Holland 

Belgium 

January . . 

1 

1,074 

113 

579 

329 

February . . 

. . — 

662 

80 

214 

168 

March 

. . — 

613 

73 

106 

102 

April 

— 

287 

110 

69 

81 

May 

1 

136 

48 

61 

40 

Jime 

— 

146 

66 

132 

36 

July 

— 

98 

27 

469 

19 

Au^t 

3 

92 

40 

1,391 

16 

September 

4 

21 

19 

3,120 

20 

October 

24 

16 

14 

2,880 

9 

November 

28 

3 

16 

48 

1,173 

December • 

18 

28 

32 

230 

20 


The public should think what a terrible disaster it would mean to 
a small confined country like England if the disease were allowed to spread, 
with the fact that milk from cattle affected with foot-and-mouth disease 
must not on any account be consumed by children or invalids, or be 
given to goats, pigs, or any other animal. 

In India I imderstand it is always more or less with you but in a 
much milder form than we get it in Europe and that conditions necessitate 
curative and prophylactic treatment. 

Tuberculosis. 

This is pre-eminently a disease which illustrates the value of collabo- 
ration between the medical man and the veterinarian in the cause of 
Public Health. No variety of domesticated animal is immune to tuber- 
culosis, although some are more susceptible than others. The goat, 
the sheep, and the horse are probably the least affected, but even in 
these it is only a question of degree, and there is no actual immunity 
when they are placed under conditions favourable for infection. Birds, 
especially poultry, are frequently affected, and whenever the disease 
appears amongst them the whole flock may have to be destroyed before 
it is eradicated. 

It is a disease which the practising veterinarian meets with most 
commonly in cattle, and there are about a million tuberculous cattle in 
Great Britain at the present time. These are not all dairy cattle, but 
it is in these that the danger lies for man, as it is well known that at least 
40% — and, in some districts, 60% — of them are affected. 

At one of the National Mflk Conferences Dr. Stanley Griffith, in 
a paper on ‘ Bovine tuberculosis and its relation to man ’, gave some 
statistics which went to prove more than ever the necessity for medical 
practitioners and veterinarians to puU together. In an investigation 
of 1,200 cases of tuberculosis he had found that 87’6% of infections with 
tuberculosis of the cervical glands, in children up to the age of 6, were 
bovine ; and similarly 61*3% of those between 6 and 10 years ; 37*9% 
of those between 10 and 16 years ; and 26% of those of 16 years and 
over. Of 476 cases of bone-and-joint tuberculosis 28*7% of those under 
6 years were of bovine origin ; 23*1% of those between 6 and 10 years ; 
9*6% of those between 10 and 16 years ; and 6*4% of those of 16 years 
and over. Of 126 cases of lupus : 69% of those xmder 6 years ; 42*6% 
of those between 6 and 10 years ; 60% of those between 10 and 16 years ; 
and 17*6% of those of 16 years and over were of bovine origin. The 
same medical scientist estimates that tuberculosis contracted through 
the consT^ption of cow’s milk causes approximately 3,000 deaths in 
young chffdren every year. As all these infections are caused by drinking 
the inilk of cows suffering from tuberculosis of the milk glands, it is hoped 
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that the new regulations of the Live Stock Industry Bill which came 
into active operation in January 1937 will, so far as Great Britain is 
concerned, have the effect of eliminating, in a great measure, the chances 
of infection from the cow to man. 

Although only about 1% of dairy cattle are affected in the udder, 
and until the infection has reached this organ the Tnilk does not necessarily 
contain tubercle bacilli, an infected cow is always a possible source of 
danger, for one can never tell exactly when the udder tissues will become 
infected and the milk a source of definite and terrible danger to the 
children to whom it is given. 

Pasteurization, undoubtedly, offers some safeguard, but it is gener- 
ally admitted that some of the valuable properties which raw milk 
possesses are lost during this process, and there can be no doubt that the 
best solution of the prevention of infection lies in the endeavour to obtain 
an absence of the tubercle bacilli at the source of supply — i.e. the dairy 
herd. That this can be accomplished, if pecuniary and other necessary 
adjuncts are available, has been proved by actual experiments, and 
America has been especially go-ahead in her endeavours to form accredit- 
ed herds. In that country whole districts have been cleared, and thd 
most stringent laws are enforced in order to prevent reinfection by the 
entrance of tuberculous beasts into these areas. 

In Groat Britain progress in this direction has been slow, as the 
British public, although not unmindful of the advantages of tuberculosis- 
free milk, is not willing, as a body, to pay an extra price for this guarantee. 
Dairymen who have gone to the expense and trouble of clearing their 
herds have not received the encouragement they deserve either from the 
general public or from the hospitals and medical practitioners. These 
last, in particular, might do a very great deal more than they are doing 
to assist in educating the housewives and mothers of young children 
as to the dangers of tuberculous milk, by urging upon them the necessity 
for demanding a clean milk supply, i.o. one from tuberculin-tested cows. 

This matter is now being seriously taken in hand, and a Veterinary 
State Service is being formed, with a staff of whole-time men whose 
duties consist mainly of inspection of dairy cattle with a view to the 
formation of tuboroulosis-froe herds, A clinical inspection is made of 
the udders periodically, usually four times a year, and for the owner 
who wishes to ensure that his herd is completely free from tuberculosis 
the cows are tested with tubercnilin — of which wo now have a synthetic 
variety — and by the intradermal method which forms a much more deli- 
cate test than the form(»r Hubcutaneoua method. We have reason to 
hope that this newly formed Veterinary State Service is thoroughly 
justifying its existence and that it will prove of benefit not only to human 
beings, by getting rid of a source of tuberculous milk, but also to the 
dair 3 mian and the agriculturist, by weeding out from his herds tubercu- 
lous cattle whoso presence is always a source of danger. It is a common 
observation that the herds from which tuberculosis has been eliminated 
are much more resistant to other ailments — ^tho services of the veterinary 
surgeon being loss in demand than when this disease existed. 

Mange. 

Mango of tho horse is now dealt with in all parts of Great Britain 
and^ is compulsorily notidablo under a Mange Order issued from the 
Ministry of Agricxilture and Fishorios. Its spread has been effectually 
checked, and although it is not yot completely eradicated, tho number 
of cases in tho horse is now extraordinarily small. It is, however, to the 
domestic pets, especially the dog and cat that attention should bo drawn, 
for it is quite an easy matter for a pot dog to transmit the parasite of 
mange from itself to its owner. An itchy dog should, therefore, always 
be regarded with suspicion, and tho pernicious habit of allowing a dog 
to sleep in bod with a human being should be emphatically discouraged. 
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A dog with mange, especially in hot weather, or when its body becomes 
heated by lying in front of the fire (or sleeping on an eiderdown or 
blanket), wiU be continually scratching, especially in the region of the 
armpits and under the thighs, where the body is hot and the hair is thin. 
If no treatment is adopted, the dog will break out in sores, the hair will 
fall off, and the animal will presently smeU very offensively and become 
•covered with scabs. If allowed to come into contact with any part of 
the human body for more than a few minutes, it is quite an easy matter 
for the parasite to transfer itself to its human host, and it may remain 
for a considerable number of days, or even weeks, until it has finished its 
life-history. During this time it will give rise to a great deal of irritation 
and discomfort, which could easily have been prevented had the owner 
of the dog sought veterinary advice. 

There are numbers of other diseases in which it 'is of value to the 
Pubho Health service that in the fight for their eradication the human 
physician and the veterinarian should collaborate, for the patients of 
each are equally attacked. Cancer may be taken as a type. This 
dreaded disease is recognized in such veterinary patients as horses, cattle, 
dogs, cats, and even fish, and many of the theories which research workers 
form, if their observations are concentrated on man alone, may at once 
be seen to be erroneous upon comparing notes with veterinary patho- 
logists, whose lives bring them in contact with the comparative aspect. 
In foreign countries this has been for a long time recognized, and their 
governments have granted liberal funds for research into the problems 
of animal diseases and their relation to Public Health, finding it a paying 
proposition,^ even if considered only from the economic standpoint. 
-Great Britain^ has been behindhand in this respect, but during the past 
few years with the establishment of , the Animal Research Institute 
oonnected with the Royal Veterinary College, at Camden Town, and of 
the Institute of Animal Pathology at Cambridge, together with the 
creation of University Veterinary degrees and a Post-Graduate Diploma 
-of Veterinary State Medicine, there is a good prospect that, long before 
another decade has passed the Government organization of Veterinary 
•Officers of Health will have as important a place in Public Health as is 
accorded to the graduates of the human branch of state mefficine. 

My list of those diseases whidi furnish valuable instruction in the 
epidemiology of animals and man is by no means complete, but I must 
in conclusion just allude to one other — ^namely contagious abortion of 
cattle — ^which gives rise to TJndulant Pever of man. That cases of 
tr an s mi ssion from the cow do occur is generally admitted, but not as 
frequently as might be expected when one considers the great prevalence 
of this disease in milking cattle. 3h connection with millc too as a food 
product one must not forget to draw attention to its danger as a carrier 
of disease in su(^ diseases as scarlet fever and diphtheria of man. 

conclusion I think that you will agree that I have introduced 
sufficient ffamework in the brief time at my disposal to illustrate the 
importance of consideration of the inter-relationship between the diseases 
of animals and man. 

G. S. Thapab, Lucknow. 

Animals have long been associated with man and their domestication 
has^ naturally led to the transmission of their diseases to man. The 
various diseases thus tra n s mi tted may be caused by bacteria, protozoa, 
worms and insects. The speaker proposes to deal with those diseases 
■^t are due to worms (helminths) and thus the responsibility of the 
dom^tic animals in the spread of helminthic infections in man is indicated 
thus^^^ "tlie subject is considered under three categories 

. V hel m i n ths which are of common occurrence as adults, both 
in animals and in man. 
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2. The helminths that occur as adults in man, but as larvss in animals. 

3. The helminths that occur as adults in animals but as larvae in 
man. Such cases are only accidental. 

Instances are given under each and it has been shown that animals 
are important iia the transmission of helminthic infections in man. The 
mode of their transmission is also discussed and an emphasis is laid on the 
rdle of domesticated animals and pets and also on the reservoir hosts in 
this connection. 

The methods of control of the helminthic infections are discussed and 
the difficulties in the adequate control of helminthic infections in fl.m‘TYiQ.la 
are pointed out. It is also shown how a helminthologist is necessary in the 
discovery and subsequent eradication of the diseases of helminthic origin. 
The value of moat inspection, which is so inadequate at present in India, 
is also emphasized. 

In view of these facts, it is suggested that there should be greater 
co-operation l^otween the medical and the veterinary investigators and 
between both these and the zoologists. The latter would, as is apparent 
from the work in the past, be able to help them in the solution of many 
of the intricate problems associated with the helminthic infections of man 
and domestic animals. This is indicated further by the organization 
of the Institute of Agricultural Parasitology under the direction of 
Professor R. T. Leiper at the London School of Tropical Medicine. 


XXIV. RIVER PHYSICS IN INDIA. 

{Sections of Mathematics and Physics, Geology, Geography and 
Geodesy, and Agriculhire, in co-operation with the National 
Institute of Sciences of India, and the Indian Physical 
Society.) 

1 . PuoF. M. N. Saha presided and opened the discussion. 

2. Mu. D. N. Wahia, Calcutta. 

Changes in the courses of Indian r ivers during the latest 
geological e^ooh. 

Few changers in the physical geography of India during historic 
times and in the Sub-Roc?ont geological age have been so well proved as 
changes in the river-aystoms of Northern India. These changes in the 
number, volume and direction of the chief drainage-lines — ^in some in- 
stances amounting to a complete reversal of the direction of flow of a 
principal river — can bo classiliod : — 

I. Prehistoric — the change of a groat north-west-flowing river of 
early Pleistocene time from Assam to Punjab and Sind, which 
carried the combined waters of the Brahmaputra, Ganges and 
Indus, to the present hydrographic system of Northern India 
(Indohrahm). 

II. ChangGS during historic times — 

A. In Punjab and Sind : — 

(1) Tho Sarasvati river of Vedio times, the 6th river of the 

Punjab, becoming the Jumna tributary of the Ganges in 
the days of Manu. 

(2) Tho well-known lost river of the Punjab {Bahra) over 600 

miles long, which up to the 10th Century flowed from 
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HimaJaya to the Hann of Cutch (then an inland sea) 
through the Eastern Nora — ^the Hakra was probably a 
deserted bed of the Sutlej, which up to the 13th Century 
flowed independently of the Indus, without joining the 
Beas. 

(3) The migration of the channels of the Beas, Sutlej and Chenab- 
through the Punjab plains. 

(4) The obliteration of the Sind Gulf by southward encroachment 
of the Indus delta, building the plains of Sind by the 
oscillation of the Lower Indus. 

(6) The present Soan valley, a mis-fit, the sole remaining portion 
of the Indobrahm. 

B. In Bengal : — 

(1) The rapid southward extension of the Gangetic delta during 
the last 6,000 years from its head in the Rajmahal hilfi 
and Sylhet lagoons. 

(2) The diversion of the Brahmaputra to the east of Madhupur 
and its later deflection again to the west. 

(3) The oscillation of the Ganges and Brahmaputra channels 
during the last few centuries and the easterly growth of 
the delta, 

(4) The deflection of the Teesta from its confluence with the 
Ganges to the Brahmaputra. 

3. Db. Stotobb LAii Hoba, Calcutta, 

Changes in the drainage of India, as evidenced hy the dietrihulion of 
freshwater fishes. 

The author directs attention to the various modes of dispersal of 
freshwater Ashes and points out that theiy constitute an important group 
for the elucidation of palaeohydrographical problems. The occurrence 
of the Dipnoan and Ganoid fishes in the Upper Gondwana Beds of Rota- 
Maleri shows the position of the river of the Mesozoic period. Prom- 
the past and present geographical range of these ancient fishes some idea 
is given of the probable drainage pattern of India of those times. 

The greater part of India proper of the Eocene period is now covered 
by the Deccan trap which has obliterated the channels forming the 
drainage of India during that age. Some evidence of the location of 
the main drainage channels is, however, furnished by the fish-remains 
found in the infra-trappean beds at Dongargaon, Dhamni and Phisdura 
and the inter-trappean beds at Takli, Pahadsingha, Deothah, Kheri and 
Kateru. From the situation of these beds it is inferred that the main 
drainage channels of the Eocene period were, more or less, in the same* 
position as those of the Mesozoic epoch. From the nature of the fish- 
fauna it is clear that the sea was not far removed from the trappean beds 
of the Central Provinces. Attention is also directed to the fact that a 
predo minant ly Ganoid fauna of the infra-trappean period was, more or 
less, replaced by the modem bony fishes during the inter-trappean 
periods. 

As practically all the principal genera of bony fishes had already 
appeared during the Tertiary, further changes in the drainage of India. 
are adduced from the geographical distribution of the modem fishes. The 
otogenic movements that gave birth to the Himalayan chain of mountains 
produced a succession of changes in the drainage pattern of India. The 
distribution of fishes shows that for a considerable time the longitudinal 
basin formed as a foredeep at the base of the Himalayas served as the 
n^in^ drainage channel. This channel was discovered by Pascoe and 
Pilgrim simultaneously and designated as ‘ Indobrahm ’ or ‘ Siwalik 
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River ’ respectively. This river is believed to have flowed from east to 
west and carried the combined waters of the Brahmaputra, the Ganges 
and the Indus. In the author’s opinion its headwaters were probably 
in Southern China, and in support of this contention several instances 
are cited from the distribution of allied genera of fishes. 

Certain localized orogenic movements resulted in the dismemberment 
of the * Indobrahm ’ into at least three drainage systems, the Brahma- 
putra, the Ganges and the Indus. In this process the once continuous 
fish-faima became segregated into definite regions. A detailed study 
of some of the elements of this fauna shows that the Brahmaputra portion 
was the first to be separated and that the Ganges and the Indus flowed 
together as a combined river for a considerable time afterwards. The 
fish-fauna of the Ganges and the Indus are almost identical and this 
would indicate that the two rivers probably became separated, geologically 
speaking, not very long ago. Attention is here directed to the fact that 
the Jumna river, a tributary of the Ganges, was a tributary of the Sutlej 
within historic times. 

One remarkable fact of distribution of Indian freshwater fishes is 
the close similarity between the fauna of the Eastern Himalayas and that 
of the hills of the Peninsula in the extreme south. This is explained in 
terms of the geological changes that may have occuiTed at the time of 
separation of the Brahmaputra from the ‘ Indobrahm ’ of the Tertiary 
period. 

The probable mode of evolution of the present-day drainage pattern 
of the Himalayas is discussed and evidence is adduced to show that it 
has developed from a consequent drainage, e.g. rivers draining north 
and south of the crest. 

The fish-fauna of India is probably derived from that of Southern 
China and Indo -China and its transference towards the west and south 
appears to have been facilitated by longitudinal valleys, river-captures, 
etc. In South-Eastern Asia the southern and western portions appear to 
have been sinking and this has made the north fauna migrate towards 
south and west. The present-day distribution of fishes strongly supports 
such a hypothesis. The eastward flowing rivers of the Peninsula 
probably assumed their present direction after the rise of the Western 
Ghats ; their antiquity is apparent from their broad valleys. 

Another fact offish distribution, to which reference is made, is that 
of the largo carps of India and several other species which are not found 
south of the Kistna river. From this certain inferences are drawn 
regarding the probable drainage of the Peninsula. 

4. Mr. C. C. Inglih, Poona. 

The use of models for chicidatmg flow problems based on experience 
gained in carrying out model experiments at the Hydrodynamic 
jResearch Station, Poona. 

Hitherto it has been customary to tallc of hydraulic model experi- 
ments in general terms, as though only one typo existed ; and then, either 
to accept the results as being directly applicable to the prototype or else 
as only a guide, or oven as giving results of doubtful value. 

As recently as December, 19516, Herbert D, Vogel, at that time 
Director of the U.vS. Waterways Experimental Station at Vicksburg, 
after asking inlbnnation from 60 laboratories or individuals engaged 
in hydraulic research, stated ; * With a few notable exceptions, the 

replies contributed scarcely any information directly pertinent to the 
subject.’ 

In this Paper the 8 main types of models are described with 
examples showing why some types present little difficulty and give 
results suitable for immediate application whereas other types, especially 
those relating to alluvial rivers, present very great practical difficulties. 
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Types of models : 

I. Models which are geometrically similar in shape to the 
prototype and give geometricaUy similar results. 

n. Models whitda are geometrically similar in shape ; but do not 
give geometrically similar residts. 

m. Regime models, in which conditions of flow are maintained 
constant, with complete freedom as regards silting and 
scouring. 

ly. Combined erodible channel and rigid models. 

V. Rigid and semi-rigid vertically exaggerated models in which 
conditions are imposed, e.g. tidal models. 

VI. Models with mobile protection — falling aprons, spurs, pro- 
tection round piers, etc. 

VII. Meandering river models. 

Vm. Combined rigid, mobile and meandering river models. 


Geometric^y similar models in which parallel flow or free vortex 
flow are established give geometrically similar results i)rovidod they are 
not too small to make it possible to reproduce the boundary conditions 
of the prototype. In other cases similarity is not attained. 

Channels may be divided into two classes ; 

(а) Channels flowing within rigid boundaries; 

(б) Channels flowing in incoherent alluvium. 

]n the fomer, flow is under flumed conditions and a heavy super- 
onarge of silt can be carried provided the slope is sulllciently stoop, In 
me other t;™, flow is ‘ natural adjustments to changin); conditions 
liemg brought about by scouring and silting. Lindloy, iti his Paper 
on Kegmae channels , Punjab Engineering Congress, 1010, put forward 
the ongi^ theory that the dimensions, width, depth and grailiont of 
supply loaded with a given silt charge were 
^ fixed by imture and some ten years later Oerald Lacey, in his 
Stable channels m alluvium’, Procs. of Inot. 0.10., Vol. 229 
(19^-30), produced a s^es of fonuula which fixed gradient and shape 

accepCs^Z?aeS! 

°°° 2'67^Q, a fotmula which is now generally 

4 ^ fvl’ T ~ •? = liy<irauho mean depth, and P=. velocity. This 

M the shapejbrmula . According to Lacey’s ‘ initial regime 

to*P^E the ^ Q wWoh is proportional 

^sLd ann™ assumption that a regime 

li^S ^ somi-oirole as the 

. ^ ^ however, for reasons explained 

to wOTk ® minimum discharge with which it is safe 

SoU 

disohwff^^Tsflt which variott with the 

“» •». «» 

4. ®?r* >ts division between off-takes, 

present because thTfl^f and rigid tnodtk 

md hence a moM S P«^ 

cannot give similar results In plaa m model and prototype 

s uimar resmts. In many oases this can be overcome by 
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fitting. Part of the difacnlty is due to the fact that though vertical 
exaggeration has been adopted as common practice in model work, 
lateral exaggeration, which is also natural has, so far as the author can 
determine, been overlooked. 

6. One of the best known types of models is the ‘ tidal model ’, 
which falls imder the semi-rigid model type. In this, conditions are 
imposed, the sides, and in many cases a considerable part of the bed, 
being held against scour. Such models give valuable results provided 
they are correctly designed; but the fact that conditions are imposed 
must not be overlooked. Rigid models are used in America for deter- 
mining the effect of ‘ cut offs ’ on upstream water levels and they give 
valuable information as to the immediate effect on water levels upstream, 
but that is all. Models with mobile protection, e.g. falling aprons, pier 
protection, etc. give geometrically sinfilar results of great value. 

6. Combined rigid, mobile and meandering river models present 
many difficulties, because the laws governing each of the three types, here 
combined, are different. To solve such problems, experiments to 
determine the scale effect of various factors have to be carried out in 
separate models and the results of these applied in the large, full length 
model. Even in a very large model, though accurate results for fuU 
supply discharge can be obtained, with low supplies difficulties arise 
in reproducing scour in the model. 

7. The main fact which follows from this paper is the importance 
of large models ; and at Poona the discharge now preferred ranges 
between 6 cusecs and 16 cusecs in each model, but may be as much as 
30 cusecs in a single model. 

Although in general the larger the model the better the results, it 
must be remembered that doubling the size of a model quadruples 
the area, the discharge and the labour involved ; and increases the time 
factor to approximately 1*6 times. 

8. The general conclusion is that in competent hands, a very wide 
range of experiments with large models gives results of high quafitative 
accuracy and may also give quantitative accuracy ; but in general the 
data available for river models is meagre and though the gaps in data 
can be filled to a large extent from field experience, so that a model can 
be made to reproduce what has previously occurred in the prototype 
under known conditions of discharge and silt charge, the problem wMoh 
generally has to be tackled is what will happen if nothing is done or 
what should be done to prevent further damage. 

The answer to this depends almost entirely on a capacity to foresee 
probabilities and possibilities and an intimate j^owledge of the engineer- 
ing side of the problem under consideration. Model experiments are, 
in fact, a very valuable aid in the solution of practical problems but 
success depends mainly on engineering skill, which they cannot replace. 

6. Mb. Gbbald Laoey, Koorkee. 

The author, dealing first with his subject historically, and with that 
branch of river physios which may bo denoted the study of the behaviour 
of Indian rivers by the engineering profession, ascribes the origin of the 
science to the constmetion of the first major canals in northern India 
and Madras nearly a century ago. The construction of the canal head- 
works presented problems in the flow of water both in boulder and in 
sandy alluvium; the canals, which transported alluvium withdrawn 
from the rivers, drew attention, from their instability, to the phenomena 
of silt and scour. 

The growth of communications and the constmetion of road and 
railway bridges founded on wells sunk in an alluvial bed enforced the 
investigation of allied problems. The author dates the modem study 
of river training and control from the publication of Sir Francis Spring’s 
classic paper in 1903. 
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Early difficulties on canals, particularly in respect of the hydraulic 
gradient, were diminished by the successive publication of the flow 
formulas of Bazin and of Kutter ; it was not however until Kennedy 
produced, in 1895, his empirical equation correlating the depth of a 
channel with the critical regime mean velocity that the foundation of 
alluvial studies was jSrmly laid. 

Reference is made to the invaluable model experiments of Osborne 
Re 3 molds in 1888, and to the slow realization of their full significance. 

The author draws particular attention to the phenomenon of 
exaggeration in the vertical scale of models. The necessity for this 
exaggeration, so frequently ascribed by the laboratory worker to the 
need for silt movement and of avoiding laminar viscous flow, arises 
from a feature common to all channels large and small. He refers to 
the invaluable data now made available from canal systems in India, 
and the manner in which such data fills the gap between the laboratory 
worker and the river engineer. 

Reviewing modem developments the author shows how the earlier 
equation of Kennedy connecting the mean velocity and the vortical 
depth 

V = 

can be replaced by the author’s formula 

involving the hydraulic mean depth. He shows further that the hy- 
draulic mean depth and the slope are correlated by the equation 

R'm = k' 

From the latter two equations he demonstrates, by recourse to the 
theory of models, that the wetted perimeter and the discharge are 
correlated by the simple expression 

PooQ* 

a relationship that has been amply confirmed by statistical work in 
India. 

The author quotes the equation derived by him 

r = 16 

applicable to flood conditions in alluvial streams, in which the rugosity 
is implicit in the depth and slope adopted. 

The author shows how it is possible by the use of his equations to 
determine the scales for models with tidal or uniform flow, and indicates 
how the problem of the railway engineer, both in respect of scour and of 
waterway may be solved. 

The author comments on the statement that in a regime channel 
the dimensions are uniquely determined by the discharge and silt grade, 
and emphasises how in Nature one of the variables may prove a constant 
and a dominating factor. He applies his equations to a study of flow 
in the boulder regions of rivers, and in the true alluvial plain, defines 

* tortuosity ’ and * meandering,* and discusses * silt sorting ’ and 

* attrition ’ as contributory factors to the known characteristics of 
rivers in their course from the foot hills to the sea. 

The author holds, despite the complexity of flow in alluvial rivers, 
that ultimate knowledge of river physics must be based on normal or 
regime equations of the type formulated. 

In view of the fact that in alluvial channels the bed is non-rigid, 
and moving slowly forward, the author deprecates the application of 
formulae derived &om pipes, in which the velocity distribution is 
patently of a very different order. As the author conceives the problem 
the normal cross section in alluvium closely approximates to a semi- 
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ellipse of which the water surface coincides with the major axis, the 
isotachs being confocal. The method of mathematical attack would 
be similar to that of Prandtl, the formulas shorQd be different, and not 
far removed from those put forward by the author. 

6. Mr. Kanwab Sain, Lahore. 

TAe effects of the construction of weirs and weir ‘Controlled canals on the 
regimes of the Punjab rivers* 

This paper deals with the Punjab rivers only. < Punjab ’ is a Persian 
compound word, composed of ‘Punj ’ and *Ab’, meaning ‘five’ and 
‘ waters ’ respectively. The first Aryan settlers knew this part of India 
as the land of the seven rivers {Sapta Sindhavas), consisting of the 
Saraswati, the Sutlej, the Beas, the Ravi, the Chenab, the Jhelum and 
the Indus. Saraswati is now a small river and discussion is confined to 
the other six rivers only. 

An attempt has been made in the paper to summarize the results of 
an examination of the changes that have occurred in the regimes of the 
above rivers as a result of the construction of weirs and weir-controlled 
canals. 

The examination was carefully made by a committee of two Superin- 
tending Engineers, one from the Punjab and the other from the Bombay 
Presidency, and consisted of a critical analysis of about 9,67,000 gauge 
readings actually observed and recorded since 1861. 

Perhaps no other set of rivers in any other province or country 
provides such a wealth of information on this aspect of the * River 
Physics*. This wiU be amply borne out by the fact that no less than 13 
weirs have been built on the six Punjab rivers and that the total with- 
drawals from these rivers by woir-oontrolled canals exceed 1,60,000 cusecs. 

The first effects that may be anticipated from the construction of a 
weir are ; — 

(а) the flattening of the slope of the river upstream, and 

(б) lowering of the level of the water surface downstream, both due 

to the reduction in the amoxmt of water passing below the 
weir and also to a degradation of regime levels. 

The examination of levels over long periods, however, shows that 
after the construction of a weir on an alluvial river, the upstream slope 
tends to recover, and over a sufficient term of years will recover its 
former value ; also that irrespective of reduction of discharge the levels 
downstream of a weir will, in a period which may extend to 20 or 30 
years, recover and even rise above their former value, while specific 
levels show a greater rise. 

It is also shown that the withdrawals of water from one river of an 
alluvial system produce sympathetic changes in the regime of another 
river joining it. 

7. Rai BAKADXJTt A, IT. Khosla, Jhang. 

Design of weirs on permeable foundations, 

8. Dr. N. K. Bose, Lahore. 


jRiver physics laboratories of Europe and America, 

Of recent years conviction has been gaining groimd among hydraulic 
research workers that there is a physics of river fiow and as such it is 
possible to study river movements and the changes in the course of a 
river from scale models in a laboratory. Thougli the science of River 
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Physics has not attained to that stage of development as has beeii reached 
by the science of Nuclear Physics or any other branches of Physics, yet 
since the days of M. Fargue, Osborne Reynolds and Vemon-ECercourt 
the progress of this branch of Physics has been very rapid. The 
experiments of Prof. Gibson in England, of Engel, Winiel, Krey and 
Rehbock in Germany anS of Freeman in America have proved con- 
clusively that hot only can scale models, properly conducted, give 
valuable indications for the training of a river, quantitative information 
can also be obtained from such experiments. In his tidal model of the 
river Severn Prof. Gibson has been able to reproduce the conditions 
of the river in 1927 starting with the river in 1848. Prof. Krey in his 
Elb model and Prof. Rehbock in the Rhine model have been able to 
get very good quantitative agreement between the model and the 
prototype. In the XJ. S. Waterways Experimental Station at Vicksburg 
Vogel has been able to reproduce various conditions of the river Mississippi 
in a number of models. In this paper it is proposed to deal with the 
various methods applied by different workers in developing their river 
models and also the amount of success they have attained in them. 

9. Me. S. C. Majxjwcdar, Calcutta. 

Rwer problems in Bengal, 

1. By far the major portion of Bengal is deltaic, having been built 
up by the silt carried by her rivers. Absence of marine deposits and 
presence of fresh water deposits up to a depth of about 1,300 ft. (no. 
deeper borings yet made) seem to indicate that marine conditions never 
existed up to this depth. The soil composing the upper strata is, how* 
ever, quite different &om that of the lower strata and it appears that 
the upper delta that we find to-day consisting of blue clay and sand, 
has been built upon another older delta consisting of yellow clay and sand, 
which was depressed permitting of fresh deposits by the present river 
systems. 

2. To appreciate the river problems in Bengal it is necessary to 
envisage how the rivers functioned and are still functioning in building 
the land and in raising and extending it towards the sea. Nature has 
been employing two agents in this task, viz, upland flood carriers and 
the tides. The former have been transporting the building-materials 
brought in by the rain washings from the catchment areas and, after 
b uildin g and raising the banks along their courses, have been discharging 
the balance into the sea. Portions of this get consolidated and extend 
the delta and the rest is dispersed by tidal current along the delta face 
and remain in an unconsolidated state. Tides while travelling inland 
pick up the latter almost to the saturation point and perform the same 
delta building functions as the upland flood carriers, with this difference, 
that, while the latter function mainly during floods, confined to the 
monsoon months, tides function twice daily during the whole year. 

3. Nature again has been assisted in her task by two favourable 
factors, the steep slope of the Himalaya, which has thus been able to 
furnish building-materials in abundance, and abnormally high tide 
level, which has facilitated the distribution of the materials. High 
ti(te level has also facilitated transport by water, and it can be truly 
said of Bengal that her rivers built the land, are draining and fertilizing 
it and are helping in transporting the produce. In areas where the 
rivers are still continuing these beneficial activities, as in Eastern Bengal, 
the country is healthy ^d prosperous, and where the rivers are deterior- 
ating and these activities have been interfered with, as in Central and 
Western Bengal, the country is progressively deteriorating both as regards 
health and productivity of the soil. 

_ River problems in Bengal are thus virtually the problems for Rural 
Development in Bengal and must be solved if this country, specially 
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her western and central parts, which used to he very healthy and pros- 
perous even about a century ago, has to be prevented from reversion 
to swamps and jungles from which she was reclaimed by her rivers. 

4. For a proper appreciation of these problems and their solution 
the rivers in Bengal, having regard to tfeeir different characteristics, 
may be classified as follows : — 

Group I. Primary delta builders originating from the snow capped 
Himalayas, maintaining perennial flow and navigable. The principal 
rivers imder this group are (1) the Ganges series, which by far is the most 
important delta builder, (2) the Brahmaputra series, which, after her 
connection with the Tsampo of Tibet and subsequent addition of the 
Teesta waters towards the end of the 18th century, is proving to be a 
formidable rival of the Ganges and (3) the Meghna. 

6. Group II. Primary delta builders originating from the low 
hills of Chhota Nagpur and Santal Parganas, such as the Damodajp, the 
Ajoy, the More, the Cossye and other Western Bengal rivers. These 
rivers are torrential and though they bring in enormous volumes of flood 
occasionally, they dwindle down to a mere trickle sometime even during 
the rains, while during the dry season there is practically no flow. 
Their contribution towards building up of the delta could not therefore 
have been much, as compared with that of the Ganges, though it seems 
that a portion of the eastern part of Western Bengal, which is deltaic, 
must have been built by these rivers, specially the Damodar and the 
Cossye. Their value, apart from the question of flood flushing, etc. 
which will be discussed below, however, lies in their being the only sources 
available for providing supplies urgently needed for artificial Irrigation, 
necessity for which is practically confined to Western Bengal. 

6. Though the total monsoon rainfall as also its distribution during 
the earlier part of the crop period are normally sufficient, rain usually, 
fails after the middle of September and the necessity for irrigation is felt in 
Western Bengal oven in normal years. Ixi years of abnormally low rain- 
fall irrigation is urgently needed as an insurance against famine. Owing 
to the proximity of the catchment aroas of these rivers to the areas to be 
irrigated, rivor supplies also fail when irrigation is required during periods 
of scarcity, and without storage it does not seem to be possible to meet 
the needs of irrigation on a largo scale. Again, owing to heavy incidence 
of rainfall at times, the cost of diversion and cross drainage works is 
usually rather heavy, out of all proportion with the comparatively small 
area that could bo irrigated by the widely fluctuating daily flow of these 
torrential streams. Storage works, by impounding during floods and 
supplementing the dwindling daily flow of the rivers during periods of 
scarcity intervening between floods, really function like a flywheel in 
an engiiio. They can thus enormously increase the irrigable capacity 
of a stream, especially as the stored water is needed for irrigation not 
so much in the transplantation season, when though a large amount of 
water is required tho rainfall is usually suffleiont, but in the latter part 
of the crop period when the requirements of crops is the minimum. 
Storage irrigation schemes are thus likely to be rather profitable under- 
takings in Wostoni Bengal, and as no rain is usually expected during the 
dry season and rivers also practically dry up then, they provide the only 
means by which sugarcane and rabi crop could be grown in these parts. 
As most of the people live on agriculture irrigation projects supplemented 
by storage works constructed in the hilly valleys of these rivers of Western 
Bengal, mostly outside tho province, are thus urgently needed for thrir 
economic uplift. So i’ar two schemes of outstanding importance have 
been brought to light and investigated, viz. the Darkeswar Reservoir 
project and the More Reservoir project to irrigate about 200,000 acres 
by the former and 432,000 acres by the latter. 

7. Group III. Subsidiary delta builders — ^mainly the lower reaches 
of rivers in Group I and II within tidal limits, which, apart from con- 
tinuing the delta building activities along with these rivers, constitutes 
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very valuable assets by providing cheap transport by water of the produce 
of the country. 

8. In all ancient accounts Bengal is reported to have been healthy 
and prosperous. About the middle of the 17th century Bernier wrote 
that Bengal was even richer than Egjrpt. Even about a century ago 
Hjamilton found Western Bengal to be highly prosperous and gave 
Burdwan the first rank in the whole of Hindusthan as regards productive 
agriculture. This area is now one of the worst both as regards health 
and productivity of the soil. In the eastern parts of Bengal where the 
rivers are still continuing their beneficent activities, the country is 
healthy and prosperous. Even in the rest of Bengal there is no dearth 
of water resources, but the progressive deterioration in health and pro- 
ductivity of the soil, specially in the west and in the centre, is due to their 
faulty distribution. Through many a stream more water flows than 
is necessary causing disastrous floods, while at other places decrease in 
flow through natural waterways has caused serious deterioration render- 
ing them even incapable of draining the country side. Indeed many of 
these streams, which were intended by nature to spill over the land which 
they traverse and keep it in health and plenty by supplying the rich 
silt of the Ganges, Damodar, etc., have now been converted into stagnant 
pools of water breeding mosquitoes, and many a district, specially in the 
centre and west, has been rendered extremely unhealthy with decreasing 
population and with land gradually going out of cultivation. 

9. This faulty distribution of the water resources, which has been 
effected partly by human interference and partly by natural causes, 
constitutes the main river problem in Bengal. Nature has provided 
her with water resources in abundance and their equitable distribution 
is now vitally needed for the Bural Development. These problems 
will now be examined somewhat closely by dealing with these groups 
of the rivers separately and examining a representative type of each 
group in detail. 

Bw&rs of Group I. 

10. The areas which have been adversely affected mainly due to 
natural causes, i.e, by changes in the courses of rivers, are : — 

(1) Central Bengal due to diversion of the Ganges through the 
Padma towards the beginning of the I6th century, 

(2) Northern Bengal due to diversion of the Teesta through her 
present course towards the end of the 18th century and 

(3) Portions of Mymensing District due to the diversion of the 
Brahmaputra through the Jamuna channel soon afterwards. There is 
no controveray as regards the last two changes as they occurred com- 
paratively recently and can be definitely proved by Bonnel’s maps. 
Even as regards the first it was taken to be an established fact hitherto ; 
but as this theory has recently been challenged by late Sir William 
Willoocks I propose to examine this question in detail and take up the 
Ganges as the typical representative to illustrate the problems arising 
from this group of rivers. 

11. According to Sir William the Bhagirathi and other rivers in 
Central Bengal were, originally, really canals excavated by the old 
Hindu Biulers of Bengal. But the following considerations will show 
that this theory is absolutely untenable. 

Large extension of the delta towards the west as compared with 
ihat in the east can only be explained by the fact that the main volume 
of the Ganges flood must have passed down the Hooghly and the con- 
tiguous estuaries just to the east for a much longer period than along 
the present course, unless it can be shewn that there was another delta 
builder serving the western side of the delta with flood discharge even 
larger than that of the Ganges, Brahmaputra and the Meghna combined. 
No such delta builder exists to-day nor could they have possibly existed 
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in the present geological epoch, as the combined catchment area 
of all the rivers of Western Bengal does not exceed 25,000 sq. miles as 
compared with 297,000 and 361,000 sq. miles which are the catchment 
areas of the Ganges and Brahmaputra rospoctively. There are also other 
religious, traditional and historical evidences as given in the main paper 
in support of the established theory that the Bhagirathi constituted 
the main channel of the Ganges till the 16th century when — and this is 
a natural characteristic of the deltaic rivers as explained in the main 
paper — the Gauges diverted along the present Padnia channel. 

12. Central Bengal has really been built up by the Ganges which, 
in the olden days, used to distribute her waters through the Bhyrab, 
probably the easternmost branch, and the Bhagirathi which again 
trifurcated into three branches at Tribeni — the Bhagirathi, the Jamuna 
and the Saraswati. As a consequence of the diversion both the latter 
branches as also the Bhyrab are now dead. Two other spill channels, 
the Jalangi and the Mathabhanga, opened up comparatively recently, 
but they are also dying and get completely cut off from the Ganges 
during the dry season. Even during the monsoon they can no longer 
draw enough water from the Ganges to food their distributaries, which 
used to distribute equitably the Ganges flood over the whole area and 
which, in consequence, are now mostly dead. Only the Bhagirathi is now 
more or less active in the lower reaches thanks to the occasional floods 
that she receives from the rivers of Western Bengal and to the tidal 
flushing and other conservancy moasuros of the Calcutta Port Trust. 
But in her upper reaches she remains cut off from the Ganges except 
during the rains when she gets only a mere fraction of her former dis- 
charge. In her lower roaches also she is gradually deteriorating and 
additional supply of upland water is txrgontly noodod hot only in the 
interest of Calcutta as a port but also for her drinking water supply, to 
arrest the gradual advance of the salt water limit up the Hooghly. 

13. Solution then lies in the resboi’ation of the Ganges spill as far 
as possible through the three principal channels, the Bhagirathi, the 
Jalangi and the Mathabhanga. As hydraulic conditions are now much 
more favourable down the Padma channel, the point to be considered 
first is whether suflioient c|uantity of spill could at all bo extracted from 
her and diverted through these channels for flushing Central Bengal with- 
out a barrage, tho cost of which will of course be prohibitive, and with- 
out waiting for an indelinite period till nature, after raising the present 
spill areas in Eastern Bengal, turns her attention again to Central Bengal. 
Having regard to the oharaotoristio of deltaic rivers, this latter con- 
tingency is probable, but the present condition of Central Bengal as 
regards health and productivity of tho spill is so deplorable that unless 
the area could be flushed by the Ganges spill in the near future the area 
will revert to swara})H and jungles from which it was reclaimed by the 
Ganges in the olden days. 

14. Those spill channels from the Ganges pass through successive 
phases of deterioration and improvement, depending on the position of 
the off-take witli mferonoo to tho main channel. The present position 
of these off-takes, sixocially that of tho Mathabhanga^ is definitely im- 
proving as the huge char that hitherto marked this off-take has been 
washed away due to changes that are taking place in the regime of the 
Ganges. But more improvement of tho off-take is not su&cient. To 
be able to fully utilize this natural tendency to our advantage the carry- 
ing capacity of tho chantiol as also that of tho outlets have to be improved, 
so that tho increased discharge that could bo drawn due to the favourable 
position of the off- take ooukl bo oifioiontly disposed of. 

16. This again is not enough. Unloss these channels are allowed 
to spill over their banks a good portion of tho silt content of the flood 
entering them, which the roduood velocity due to flatter gradient in 
their lower roaches is unable to transport, they will naturally deposit in 
their beds and tho channels will again deteriorate. Dredging, though neoes - 
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sary initially to increase their carrying capacities, cannot be relied upon to 
maintain these channels permanently, for, apart from cost, spoil bank 
will, within a few years, reach a height beyond the lift of dredgers. Apart 
from its necessity to improve the health and productivity of the soil, 
extensive land spilling during floods, therefore, seems to be an essential 
requirement even for maintaining these channels in deltaic Bengal, which 
carry such a large proportion of silt. To what extent land spflling may 
be technically and practically possible can only be ascertained after a 
contour survey, as there are large vested interests which may be adversely 
affected by the flooding, necessitating the requisite protective measures. 
But there seems to be no doubt that in the lower areas which have been 
prematurely reclaimed, the present method of cultivation will have to be 
changed, necessitating the introduction of a substitute crop, which can 
be harvested before the Ganges begins to rise in August, or East Bengal 
paddy which grows with rise in the water level. 

Rivera of Group II, 

Primary delta builders originating from the Chhota Nagpur and 
Santal Parganas hills. 

16. Problems of these rivers with reference to artificial irrigation 
needed in Western Bengal have already been dealt with. Thanks to 
human interference with their beneficial activities these rivers have, how- 
ever, presented rather unique and complex problems which will now be 
considered. The area affected has been built up by them and is flat. But 
before it could be raised sufficiently by silt deposit during flood flushing it 
was prematurely reclaimed by flood embankments. But owing to inefficient 
maintenance breaches were frequent. The land could then get occasional 
flushings and it did not deteriorate in those days so seriously as it has 
done now. For more efficient maintenance most of these embankments 
were gradually taken over by Government and in consequence the breaches 
are now rare and even when they occur they are closed immediately 
thus depriving the land even of those occasional flushing of tho earlier 
days. The result has been that the net work of spill and drainage chan- 
nels within the enclosed area are now dead and can no longer function 
even as drainage channels. In fact, their beds have also been cultivated 
at places arid they have been converted into stagnant pools of water 
breeding mosquitoes. In consequence the area is progressively deteriora- 
ting in health and productivity of the soil, and land is gradually going 
out of cultivation. 

17. Again the floods being unable to spill are depositing a portion 
of their silt content within the river channels, thus raising their beds, 
and as the protected areas, instead of rising by silt deposit, are probably 
getting gradually lowered due to surface washings caused by the local 
rainfall, drainage by gravity is becoming more and more difficult and 
in some areas it has already become impossible. The flood level is 
also rising necessitating higher and higher embankments and increasing 
the potential danger to life and property by concentrated discharge 
through breaches, which can hardly be avoided in earthen embankments 
subjected to high pressure of sudden floods of these torrential rivers. In 
fact the position is very serious and unless a bold policy of improvement 
is followed in the near future — delay will make the solution more and more 
difficult — ^these embanked areas of Western Bengal will gradually revert 
to swamps and jungles from which these were reclaimed prematurely 
by man. 

18. The ideal solution will no doubt be to restore the old condition 
by the removal of the embankments. Where practicable this solution 
should certainly be adopted. This will no doubt inundate the area 
occasionally dming floods. But the depth of inimdation will be much 
less than what is now caused by concentrated discharge through 
breaches, while there will be no danger to life and property, as the removal 
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of the embankments allowing the flood to spill over a large area, will 
automatically lower the flood level. The floods of those torrential 
rivers also do not last more than a few days at a time and will increase 
the outturn of crops by fertilizing tho land with the rich silt carried by 
these rivers. In years of exceptionally high floods or when floods 
occur before tho seedlings have taken root into tho soil, crops will no 
doubt suffer but this occasional loss will be more than counterbalanced 
by the inci'eased outturn in normal years and by tho improvement in 
health. 

19. But in many cases owing to largo vested interests such as 
railways, towns, etc., protected by these embankments as, for instance, 
in case of tho Damodar left embankment, it is now hardly praoticablo 
to adopt such an ideal solution. Hero wo must be satisfied with the 
nearest practical approach to this ideal solution, i.e. water should be 
drawn tlirough controlled escapes to bo constructed at suitable places 
in these embankments and utilized in giving a copious flushing to the 
starved land during floods. One such project is now under prepara- 
tion for irrigating and flushing an area of about 8,50,000 acres protected 
by the Damodar left embankments in tho Burdwan, Hooghly and Howrah 
districts and there is room for a good many more similar schemes. 

20. But though such schemes will probably find a solution to tho 
sanitary and agricultural prohleins created by those rivom duo to human 
interference with their natural activities, they will offer no solution to 
the rather serious problem with regard to their maiuteaaneo. This 
problem, which is becoming more and moro serious owing to tho delay 
in finding a solution, has been examined somewhat in detail in the main 
paper, taking tho Damodar as a roprosontativo type of* this gi’oup of ri%’’(^rs. 
To protect tho area on the loft bank, with largo vostocl interests, 

the disastrous oonaoquenco of frequent breaches through tho loft embank- 
ment of the Damodar, the right embankment was abandoned soinotime 
in tho middle of the last (uaitury. But this very fact, by raising tho right 
bank by annual silt deposit, has now made an avxilsion of the Damodar, 
with the maximum flood diachargo of about OJ lacs cusecs, through 
the left bank towards tho Hooghly, a very probable contingency. Such 
an avulsion will of course bo a disaster of the first order, for, apart from 
damage to vested interests on tho loft bank, tho important city of 
Calcutta and tho largo business intorosts on tho Hooghly will bo in clanger 
as this channel in her prc^acuit condition cannot possibly carry oven a 
material portion of this discharge. 

21. Uncontrolled oscapoa towards tho left are of course out of the 
question, and ovcci controlled escape of a material portion of the Damodar 
flood, suflicient to afford a ixdiof, has to bo ruled out for the above 
reasons, apart from tho cpiostion of prohibitive cost of the necessary 
work. As it is neither possible to increuBO tho capacity and maintain 
the channel by dredging, tho only feasible altornativos scorn to bo either 
to construct flood moderating rosorvoirs in tho hilly valleys or to provide 
an escape through tho right bank into tho llupnarain. 

Group III. Tidal rivers. 

22. The lower roaches of the rivers of Groups I and II arc tidal, 
and apart from discharging drainage and other beneficent activities, 
they perform tho important function of carry ixig the produce of the 
country. Whore those activities have not boon interfered with by acts 
of man they are still discharging those functions, though, being now 
deprived of tho supply of upland water, those tidal channels in the 
southern portion of Central Bengal are gradually deteriorating and will 
ultimately cease to function, except perhaps as rc^gards drainage, as soon 
as the spill aieas have been raised to near about tho high tide level. But 
where man has interfered by prematurely rooiaiming tho spill area of 
these channels by means of embankments the position has already 



100 


Twenty-fifth Indian Science Congress. 


become rather serious as, while these areas have remained low, the 
channel bed has risen by silt deposit making drainage by gi'avity already 
impossible in many cases. A distinction should be drawn in this con^ 
nection between an upland flood carrier and a tidal channel. As the 
upland flood must be disposed of ultimately into the sea, when the 
former deteriorates it changes its course and its beneficent activities 
are not lost to the country, only they are transferred elsewhere. When 
however a tidal channel deteriorates it dies in its own bed and its bene- 
ficial activities are lost to the country. Thus the death of those tidal 
channels will mean that the only agents now left by nature for raising 
the tidal portion of Central Bengal will be lost to the country for ever. 
It will then be impossible to drain the area by gravity which will gradually 
revert to swamps and jungles from which it was prematurely reclaimed. 

23. Solution lies in removal of the marginal embankments and 
other obstructions so that these areas may bo adequately raised 
before they are reclaimed. But though this will certainly prolong their 
life it would not be sufficient to preserve these tidal channels permanently 
as carriers of the country’s produce nor to arrest the rapid advance up the 
delta of the salt water limit, for which purpose a supply of upland water 
seems to be essential. As this point is not usually understood, physical 
characteristics of tidal rivers are explained in the main paper establishing 
the fact that to maintain the life of a tidal river additional supply of 
water is required to reinforce the flushing during ebb, which, without 
this reinforcement, is xmable to clear the bed completely of the silt 
deposited during flood tides. As the supply given by the local drainage 
can be comted upon only during about five months of the monsoon, and 
the supply from the spill area will gradually disappear as this area rises 
by silt deposit, the only means of preserving the life of a tidal channel 
permanently is by providing a supply of upland water. Improvement 
of the spill channels of Central Bengal and diversion of a portion of the 
Ganges water thus seem to be necessary even for maintenance of these 
tidal channels. 

24. The life-history of the Bidyadhari is given in the main note 
to illustrate these points. The history is reconstructed on tlie basis 
of indisputable evidence left by nature in her banks. These natural 
banks just above Bhangore Canal are found to be much higher than the 
tide level and must therefore have been built up by the upland floods ; 
and the width between crests of these banks must give a rough measure 
as regards the volume of such floods which the Bidyadhari used to 
receive m the olden days. It appears from these and other evidences, 
as explained in the main paper, that the Bidyadhari was an important 
spill channel of the Jamuna and when this river was active, she used 
to draw a considerable volume of upland floods for hor sustenance. 
After the diversion of the Ganges and subsequently of the Damodar the 
Bidyadhari was deprived of the supply of upland water and began to 
deteriorate. 

26. But the existence of the vast spill area in the salt lakes should 
have enabled her to continue her beneficent activities, including the 
raising of the salt lakes, thus removing the nuisance so close to Calcutta, 
and the disposal of Calcutta’s drainage, but for the acts of mam. These 
acts were the premature reclamation of the land on both banks of the 
Matla and the Bidyadhari by means of marginal embankments as also 
the fisheries in lower areas interfering with free spill, the dischoi’ge of 
solid sewage and lastly the construction of the Kristopur Canal. The 
Bidyadhari is now absolutely dead beyond any chance of revival and the 
serious problems that have been created as regards drainage of areas 
near about Calcutta should serve as an object-lesson to those who are 
interfering with these tidal channels. In fact the Peali is also fast 
deteriorating and will soon share the same fate with the Bidyadhari, 
and imm ediate steps are necessary to prolong the life of this river to 
save a large portion of the 24-Pajgannas District, now served by this 
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river, from reversion to swamps and jungles from which the area was 
prematurely reclaimed by man. 

26. Another problem that is gradually becoming more and more 
difficult with the deterioration of the tidal channels in Central Bengal is 
in regard to the valuable services which the rivers of groups I and III are 
rendering by providing a cheap means of transporting the country’s 
produce by water. Together with Eastern Bengal, the tidal portion of 
Central Bengal possesses an important asset in the magnificent waterways. 
The principal highways — ^the Ganges, the Jamuna, and the Meghna — ^which 
connect Bengal with the neighbouring provinces of Bihar and Assam, need 
very little attention, and during the rains when the country is inundated 
goods from almost every village in Eastern Bengal can be carried by water 
to these principal highways and through them to the different trade centres 
including Calcutta. But a good portion of the discharge of the Ganges is 
being intercepted by the upper provinces for purpose of irrigation, and it 
seems necessary to watch those developments and adopt necessary 
measures, as further interception of the Ganges discharge during dry season 
is likely to adversely affect not only the prospective scheme that may be 
taken up for the improvement of Central Bengal but also navigation 
through the Ganges. 

27. But the main problem that we have to face at present is with 
regard to the feeder channels connecting those principal highways, specially 
with Calcutta. During the earlier period of British Rule the Bhagirathi, 
the Jalangi and the Mathabhanga were being utilized as feeders from 
Calcutta to the Ganges, though even in those days there wore difficulties of 
navigation during the dry season and various attempts were made to keep 
the Mathabhanga navigable throughout the year. As this was found 
to be more and more difficult the Calcutta Canal route to the east through 
the Sunderbans was opened early in the 19th century and gradually 
improved. These works, however, wore intended for boat traffic but 
steamers, when they came into the picture, were following the route via 
Tolly’s Nullah (excavated in 1770), the Bidyadhari, the Matla, etc. 

28. Owing, liowevor, to the death of the Bidyadhari, and conse- 
quently of the Tolly’s Nullah, the steamer route through the Sunderbans 
is being shifted more and more towards tho seaface. Here again nature 
has helped us by providing cross connections between the north-to- 
south delta buildors, An explanation has been given in the main paper 
regarding the origin of those cross channels which are found to be so very 
valuable in tho interest of navigation. But, owing to tides entering from 
both ends and mooting within the cross channel, thus gradually deteriorat- 
ing it by dropping of silt, many of those channels have disappeared throwing 
the steamer route more and more towards the sea. Tn fact our main 
problem at present in respect of waterways for navigation is with regard to 
the maintenance of those cross connections, though the maintenance of the 
north-to -south channols in Central Bengal is also proving to be difficult 
and, in the purely tidal areas, will bo impossible ultimately, unless steps are 
taken for a supply of upland water as already discussed while dealing with 
these rivers under group I II. 

29. Tho rivers of giH)iip I are also pro.sonting a problem which is 
really inherent in tho very nature of delta buildors passing through very 
friable soil, as in Eastern and Northern Bengal, in the shape of erosion of 
their banks, and it is being aggravated by tho natural tendency to con- 
centrate all available flow through tho two principal channels, the 
Ganges and tho Jamuna. Divomion of portions of this flow through 
Central and Northern Bengal, as discussed above, will mitigate this 
problem to a certain extent. 

30. In conclusion it may be mentioned that the all-important factor 
which dominates tho river problems in Bengal is the largo proportion of 
silt carried by the flood. As will bo seen from tho above (more fully 
dealt with in tho main paper) though silt has proved to be one of our 
greatest benefactors, in some ro.spects, it has also been a malefactor, and we 
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ought to make the closest study of this all-important factor. Beyond 
general knowledge as indicated above we, however, possess very little 
information on the subject. What is required is a Eesearch Officer with 
a fully equipped laboratory to study this and other questions amenable to 
laboratory treatment, thoroughly and scientifically to guide us in our 
effort to solve the rather complicated river problems in Bengal. Many of 
these problems are unique without any parallel. Practices followed 
elsewhere will not therefore help us much but we have to find a solution 
ourselves by long and concentrated study of the local conditions. 


10. Prof P. C, Mahalanobis, Calcutta. 

Miver Jhoda in Orissa. 

The Orissa delta is a long narrow strip of alluvial land with an average 
width of about 40 or 50 miles. The total area is about 8,000 sq. miles, 
of which 2,300 sq. miles drained by the Mahanadi and 800 sq. miles 
by the Brahmani and Baitarini are especially subject to serious floods 
dtiring the monsoon season. The Mahanadi has a total course of 600 
miles with a drainage area of 60,000 sq. miles, and a maximum flood 
discharge of two million cuseo. The drainage area of the other rivers is 
about 20,000 sq. miles. 

About four-fifths of the annual precipitation is concentrated within 
the four monsoon months. Analysis of rainfall records do not reveal any 
appreciable seasonal or cyclic trends, so that the rainfall rdgimo may be 
considered to be fairly stable. The areal distribution and froquonoy of 
occurrence of different intensities of rainfall from one to ten consecutive 
days have been studied in detail and furnish basic hydrological data for 
schemes of river control. 

Analysis of daily heights of the rivers do not reveal any evidence of 
progressive deterioration of the channels. Prequenoy distributions of 
river heights from one to ten consecutive days have been prepared from 
which the actual risk of floods of any given height can be obtained with 
precision. The frequency of occurrence decreases in logarithmic propor- 
tion up to a certain definite height of the river which probably represents 
a critical transition state of the hydrological system. 

Floods are caused by the heavy rain given by storms and depressions 
from the Bay of Bengal which move across the delta and the river basins 
roughly in west-north- westerly direction with an average velocity of 8*6 
miles per hour, and which remain within the catchment area for about 
two days. The rainfall in the period immediately preceding a serious 
flood usually occurs in a well-marked patch of very heavy rainfall of 
over one inch per day for three consecutive days followed by moderately 
heavy falls for two or three days more. Heavy rain first occurs in the 
delta, and then in the more westerly portion of the basin. It therefore 
tekes some time for the flood water to reach the delta. The crest velocity 
is about four miles per hour, and usually there is a lag of about throe or 
four days between the maximum rainfall in the basin and the maximum 
flood at Naraj. Usually the river rises for three or four days, beginning 
to fall slowly from the &th day. 

The river channels in the delta are quite inadequate in their present 
condition to carry the flood water which in the case of a severe flood 
may amount to twice the capacity of the channels. Local rainfall in the 
delta by itself cannot cause a flood of importance but such rainfall 
can seriously aggravate the situation by increasing the intensity or duration 
of the flood. 

Correlational studies showed that on an average the level of the 
Mahanadi rises by about 2,0 feet for an increase of one inch of average 
rainfall over the whole basin. The connexion is however not sufficiently 
close to enable individual forecasts being made in time to be of practical 
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Correlation between gauge readings at Naraj (near Cuttack) and at 
Sambalpur is very high, and it is possible to predict the height at Naraj 
within a few inches from twenty-four to thirty-six hours in advance. 

In the case of the Brahmini similar correlational studies show that 
the condition of the river channel has remained more or less the same ■ 
during the last 30 or 40 years, so that there is no evidence in support of 
the theory that the bed of the Ikalmiini was suddenly raised by two or 
three feet after the severe flood of 1026. 

Normal monsoon precipitation in the catchment basin is of the order 
of 900 kilo-cuscc per day while the rainfall intensity in the delta itself is 
only 30 kilo-cusec. Most of the flood water is therefore brought down by 
the rivers. During the monsoon the river emerges from the hilly coimtry 
with high velocities and heavily laden with silt. On reaching the plains 
the velocity is suddenly reduced and the silt is deposited on the river-beds. 
The bed of the river rises in consequence and forms a shallow ridge on the 
summit of which the river flows. Gradually the bod is raised so liigh that 
the river bursts its banks and sends out branches. Fresh ridges are 
formed by the deposit of new silt, and the whole process is repeated over 
and over again. In this way the Orissa delta has become covered by about 
16 main branches with innumerable minor streams within a distance of 
40 or 60 miles. 

Along the sea- coast of Orissa there exists a steady northward littoral 
sand drift which tend to form bars across the mouth of the river from south 
to north. The rivers are continually trying to form new land by deposit 
of silt, but this silt is continually being forced towards tho north by this 
littoral drift. This is a peculiar characteristic of tho Orissa coast, which 
explains tho fact that tlu» head of tho delta is situated only 40 or 60 miles 
from the coast lino whereas in the case of tho Ganges or the Indus they 
are about 400 miles from the sea. Conditions in the Orissa delta are at 
present in a kind of dynamic oquilibrium. 

The escape of flood water is seriously obstructed by embankments, 
and also by canals and roads. Flooding is thus often inevitable in this 
area under existing conditions, Tho erection of flood-retarding reservoirs 
in the catchment area, improving existing channels, and removal of obstruc- 
tions to drainage iu the delta require planning on a large scale. It is 
desirable tliat detailed hydrological studies and small-scale model experi- 
ments should bo undortakon for this jiurposo. Flood forecasts, con- 
struction of emergency refuge momwls, and other ameliorative measures 
can bo undortakon in the moantimo. 


XXV. COLLOIDS IN BIOLOGY, MEDICINE, AND 
AGRICULTURE. 

{Sections of Chemislry, Zoology, Medical JResmrch, Physiology, 
and Agricullurc, in co-operation with (he Society of 
Biological Chewdsts, India.) 

Puojf. S. 8. BuATr^A(Ma pres i< led. 

1. PnoF. J. N, Mukuhujkw, Calcutta, ep<med the discussion. 

Tho subject-inattic^r of tiu^ pr<\sont discussion is very comprohonsivo, 
and in order to avoid b<ung diffuse I shall restrict myself to those aspects 
of tho properties of colloidal systems, which servo os a connecting theme 
regarding their r61e in biology, in medicine and in agriculture. Even 
then I shall restrict myself only tt) some fuudaniontal considerations of tho 
subject. It would, however, be helpful briefly to discuss what we under- 
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stand by colloidal systems. Historically, the distinctive properties of 
colloids rest, according to Graham, on their slow diffusion, their inability 
to pass through parchment and similar membranes and the difhculties of 
obtaining them in a crystalline form. These characteristics, which were 
thought to distinguish colloids from the * true * solutions of crystalline 
substances, were later found to be inadequate to classify substances into 
mutually exclusive ‘ worlds of matter namely, crystalloids and colloids. 
For crystalloids were obtained in a colloidal condition and vice verm, 
and we began to speak of the colloidal state of matter. This, however, 
is again a vague term, and the vagueness is best illustrated by the so-called 
physical and chemical theories contending sway in the treatment of colloidal 
systems. In fact references to these theories have become so common- 
place that their contents are often taken for granted and it is seldom that 
questions were asked till recently as to what they really connote. Even 
at the present time opinion is far from being unanimous. I have discussed 
t.hia question in several publications, and I shall briefly refer to some 
criteria, which will serve to bring out the characteristic properties of 
colloidal solutions and systems and to reconcile, to some extent, though 
not completely, the postulates of these two theories. It will also serve 
the purpose of inviting discussion on these central themes in the theoretical 
treatment of colloidal systems. 

Differences of optical heterogeneity, though useful as a rough guide, 
do not serve as satisfactory criteria. For they depend on the wave length 
of light used and the size, shape, and the arrangement of the particles. 
They do not bring out the differences of systems, in which the thermo- 
dynamic equilibrium can be treated unequivocally in terms of well defined 
components and phases, with those in which their properties cannot be so 
treated. The question arises how far colloidal particles can be treated 
as molecules. 

It is true that the kinetic theory affords a satisfactory deflnition of 
molecules in terms of the translational energy of the different particles, 
either in the liquid, solid or gaseous state. Let us call a particle, which 
answers this criterion, a physical molecule. In cases where the kinetic 
theory falls short the quantum theory, in its simpler formulations, still 
enables us to distinguish these physical molecules on the basis of the prob- 
ability of the distribution of their translational energy. But this criterion 
is too comprehensive and it is often not possible to distinguish a colloidal 
particle from true molecules. Where colloidal particles show Brownian 
movements they surely behave as physical molecules in the above sense. 

Fortunately the definition of a chemical individual, in terms of Gibbs* 
criteria of a component in chemical systems in thermodynamic equilibrium, 
serves as the most helpful criterion. Let us then call the components in 
all such systems as chemical molecules. The terms heterogeneity and 
homo^neity now assume a different but unequivocal significance. Follow- 
ing Gibbs we see that in all systems, ordinarily met with in chemical 
equilibria, the magnitudes of the internal energy, of the entropy, of the 
free energy, of the thermodynamic potential, are single valued functions 
of the number and concentrations of the different components present in 
the system, and the two external variables, pressure and temperature. 
Now in ordinary chemical equilibria the interface, interfacial energy and 
t he individuality of the different portions of any homogeneous phase which 
are present in the system are neglected. But when the degree of dispersion 
is great the magnitude of the interfacial energy makes its effect felt. 
We may therefore usefully define colloidal systems as those systems whoso 
behaviour show definite departure from that predicted by classical chemical 
thermodynamics, in the sense that considerations of intorfacial energy 
and of the conditions existing at the interface are necessary for the elucida- 
tion of their behaviour. Though this definition does not encompass all 
types of colloidal behaviour, it helps us to find a more comprehensive 
definition and we may define colloidal behaviour generally as those 
properties which owe their origin to the presence of an interface, to the 
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mutual arrangement and association of individual portions of homogeneous 
phases and the shape and size of the individual portions. In consequence, 
colloidal behaviour, met with in different branches of science, admits of 
a great measiire of co-ordination. 


Electrification at interfaces and interaction of colloidal 
sysions with electrolytes. 

One of the properties of interfaces, which differentiate them from a 
homogeneous phase, is illustrated by the conditions of electrification 
which are often met with in interfaces. Inside a homogeneous phase the 
following conditions arc invariably held to be satisfied ; a constant chemical 
composition, a constant chemical potential and electroneutrality. By this 
statement we understand that across any plane, covering a sufiiciently 
large number of molecules, both the chemical potential and chemical 
composition have constant values and the net electrical charge is zero, 
independent of tlio location of the piano. In interfaces, however, either 
as a result of orientation of molecules and their polar character, or of the 
distribution of electrified particles, usually electrolytic ions, planes parallel 
to the interface lUay show a variation in the chemical composition, the 
electric potential, and the not oloctrifi cation. In consequence, surface 
pressure, surface orientation, surface potential, and the potential of the 
electrical double layer assume considerable importance in the study of 
colloids. 

Let us consider two colloidal systems of widespread inti^rest namely, 
proteins and the inorganic colloids proaout in soil. l'’ho types of interac- 
tion between proteins and electrolytes are many and diverse. The first 
attempts, following the load given by Duclaux, Michaelis Pauli and 
McBain, which aimed at tho systematization of the vast experimental 
material, were bas(j(l on an apfiUcation of tho concepts of classical electro- 
chemistry to these systems. Proteins are treated as ampholytio systems 
with definite acidic and basic dissociation constants. And we are familiar 
with tho nomenclature of Michaelis namely, tho designation of colloidal 
systems having electrolytic properties as ‘ aoidoid *, * basoid * and * saloid * 
systems. The concepts of classical electrochemistry are assumed to bo 
applicabl(.% but then'o is also an implied recognition that certain peculiarities 
arise out of the larg(^ size of tlie protein molecule or ion. Those theoretical 
treatments often Buffer from a good deal of vagueness, which masks the 
important qiu^stiou whether those classical concepts are capable of ad hoc 
application, that is, whether there are not dofinito facts which contradict 
some unambiguous deductions from them. Tho investigations of McBain 
on soaps, which led to tho formulation of tho oxprivssion ‘ colloidal electro- 
lytes ’ and a dolinitis idea n^garding tho poculiaritios of the electrolytic 
conductivities of niiircllo ions estahiishod some characteristic differences 
of these systems from ordinary clccitrolyics. But they wore considered 
to be only a peculiar class of electro ly tins, amenable to the usual theoretical 
treatment. Irulee<l, McBain has denied tlu^ ubiTuIik^kh of the concept of 
an eloctrical double layer w'hicih he (tails ‘ the ficjLi lions oloctrical doiiVdo 
layer Certain cahtuIationH and theoretical (tousitlerations by tho 
speaker, however, show great discrepaintios in tii(i conductivity of such 
colloidal systems from tliat dodu(S(td from tho basic theories of electro- 
chemistry in thoir prctsoiit forms, llocjont oxperimontal invi^stigations in 
several laboratories havet f(K*usHod attention on those difforonci^s. The 
dissociation constants, (htgixHts of dissociation, total acidities, activity and 
conductivity (^ocnicierits have no such unequivocal moaning as in the case 
of usual oloctrolyti(^ systonis. SikjIi investigations liavo mostly boon 
carried out, in tliis laboratory, with inorganic colloidal systems such as 
aluminium hydroxide, silicic, acid, hydrogtm clay (which is more complex) 
and also with comparalively simple organic substances sucli as straight 
chain sulphonic acids, c.g., Undocyl-J..auryl-, and Myristyl-sulphonic 
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acids by McBain and Betz and cetyl-pyridinium and cotyl-trimethyl 
ammonium bromides by Hartley. McBain concludes that micelle ions 
cannot be regarded as mere polyvalent electrolytic ions. 

Recent work in the speaker’s laboratory illustrate not only the 
usefulness but also the necessity of the concept of the electrical double 
layer, a point of view, which has been emphasized by Wiegnor and his co- 
workers in their researches on clay systems. It is very difficult and at 
the same time obviously necessary to obtain unambiguous evidence that 
the deductions from classical concepts are contradicted. Interactions of 
silicic acid, aluminium hydroxide and hydrogen clays with electrolytes 
appear to afford such evidence. Most of these colloidal solutions should 
be treated as polyphase systems, but it is difficult to define the phases. 
It also appears reasonable to conclude that often the equilibrium is between 
the double layer and the ions in true solutions. Considerations of the 
adsorption of ions, which are so important in a number of colloidal pheno- 
mena, are helpful. Ion-pairs formed on the surface of the colloidal particles 
seem to govern the equilibria. An interesting instance (.^f the formation 
of such ion-pairs is afforded by the works of Ghosh and of Chlopin and 
Balandin on precipitated manganese dioxide. 

Compared to the inorganic substances, referred to above, the protein 
systems offer points of difference ; the former are known to bo insoluble 
and their colloidal solutions should be regarded as polyphasit;. It is, 
however, difficult to ascertain the solubility of proteins. There is, how- 
ever, the important researches of Sorensen, which show that aomo proteins, 
prepared with ^eat care, show a definite solubility. It is, however, 
necessary to point out that a reproducible constant composition of the 
solution in contact with the solid material of the protein at a single 
temperature, does not necessarily imply a constant solubility ; for con- 
stancy of composition of a substance and of the liquid phase in its contact, 
is not, in itself, a sufficient criterion of its chemical individuality. It is 
necessary to show that the observed solubility, or ratlior the constant 
activity of the protein at a given temperature, would explain a sufficient 
number of chemical equilibria in which the substance takes part, just as the 
run of a curve oaimot be depicted by a single point. If, for example, in 
addition to a constant solubility, the heat of formation of tlic saturated 
solution and the relevant specific heats ai'e known, so that a temporature 
solubility curve satisfying thermodynamic criteria can be construotod, the 
identification of a given protein as a pure substance, i.(^ a single com- 
ponent or a chemical individual, could be ostablislied. II n fortunately 
proteins are very susceptible to changes, oven in coutuet wit.h simple 
electrolytes and time also acts as a factor. Besides on aetcount of the 
large value of their molecular weight, a small concentration of other com- 
ponents, from which it is often difficult to separate them, may considorably 
affect the molecular composition of the system. Tiio incuuuxsing number 
of well- crystallized substances of high molecular weight, howin^^r, may he 
taken to indicate that it is difficult a priori to set a limit to size of a 
chemical molecule. From the above it would appear that thougli j)r()toiu 
systems show many instances of typical colloidal bohaviouv they lio on a 
border land. 


The colloidal dvmenaio'ib. 

Protein systems offer an instance of the difficulty of dinbnmt.iating 
colloidal from molecular systems on the basis of tho size of the viltirnato 
particles taking part in chemical reactions. Colloidal solutions of gold 
may have small particles, whose size is very muoli loss t han tliat of 
many truly dissolved molecules. The process of format.iou of a saturat.ed 
solution represents a spontaneous splitting of the mass into ultimate par- 
ticles, the size and number of which are completely dofmod. Conditions 
are different in colloidal solutions. Attempts have lioon made (e.g. 
Dorman, Tolman) to build up a thermodynamic treatment of systoms of 
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colloidal particles, based on the similarities and by including surface 
energy amongst the variables which are taken to determine the total 
energy in chemical thermodynamics. We know that oil disperses in water 
in the presence of suitable emulsifiers. It appears to simulate the process 
of solution. The size distribiition curve, however, depends on the emul- 
sifier and tho condition of the emulsification. But in most cases the 
emulsions can be shown to constitute a heterogeneous system. If we 
take the simple systems of a number of droplets of a pure substance, 
enclosed in a given space, they can only be in stable equilibrium so long as 
they do not come in contact and if the vapour pressure of each particle 
be the same. The curvature and heuct^ the size and tho shape must be 
identical. If, however, some of the particles are electrified and some 
are not, particles of different size and shape may be in equilibrium. 
Similarly, if instead of a pure substance we take drops of a solution, particles 
of different size and shape may also be in equilibrium. Besides, the 
interface is tho seat of chemical interactions which lead to a displacement 
of equilibrium, formation of molecules not equally stable in the contiguous 
homogeneous phases, and tho orientation of molecules. They also affect 
tho kinetics of chemical reactions. These considerations illustrate that 
the interactions of various sources of energy at the interface may lead to a 
stable equilibrium bet ween particles of different size and shape, even though 
the system as a whole is not homogeneous, as ordinarily understood. 
But in contrast to ordinary chemical equilibria, the conditions obtaining 
in those systoms do not seem to load to a permanent adjustment between 
the different sources of energy. In fact, this want of permanent adjust- 
ment seems to mark tho fiinilamontal eharactoristics of colloidal systems, 
specially fhe biocolloids whicih are in addition very susceptible to chemical 
changes. To this feature may bo ascribed their importance and associa- 
tion with bioproeossos and biological systems. They admit of more 
continuous chang('a which arc brought about by small changes in the 
absolute value of energy. It is therefore not so much the size of tho 
particle but the nature of itdorfacial energy and tho ease with which 
the association between th(i individual particles on tho one hand and that 
between tho particIoH and tho ‘dispersion means’ on the other, which 
characterize colloidal sy stems and their importance in such widely different 
branches of science as meteorology, geology, soil science and biology. 
Tho size is of importance only in so far as tho size clotorminos whether 
interfacial energy has attained a magnitude comparable with the con- 
tribution of th(^ other facd^ors to tho total energy. In purely physical 
processes, such as I^rowuian inovcnuent, rate of settling, tho scattering 
of light and others, the diinonsion of the particle has of course its 
importance. 


Solvation and structure. 

The relation botwoen the particles and tho ‘ dispersion moans ’ is 
illustrated in agriculture by the speculations regarding the manner in 
which tho moisture is asso(dat(^d with th(^ soil and in protein systems by 
their hydration, Tho mutual relationship between particles is well 
illustrated by the stre^am double rofra(d.ion of certain colloidal solutions. 
We have to consider in addition to tho ‘ isotropy ’ and ‘ anisotropy ’ of 
tho substance in ]>iilk, of which tho partiedos are composed, the ‘ isometry * 
and ‘ anisometry ’ of tho particles. I’ho elastic properties of gels illustrate 
tho importance arising out of tho structural arrangement of tho particles. 
The interplay of solvation, sf.ructure, the eloctrical (loublc layer and surface 
tension give rise to such characteristic colloidal properties as coagulation, 
synerosis, shrinkage, swelling, solution, g<dation, thixotropy, antagonism, 
dilatancy, plasticity, etc. 

A similar dilficulty regarding Ibo differentiation botwoen the colloidal 
and orystalloidal systems arises when one considers solvation and structure. 
Solvation and formation of hydratos, solation and solution, gelation and 
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salting out, crystal structure and gel structure are pairs of phenomena 
which show some similarities between themselves. The imbibition of 
moisture by gels which often lead to swelling shows considerable similarity 
to the absorption of moisture by some crystalline substances, e.g. chabasite. 
In quite a large number of cases the criteria set forth above help us to 
differentiate between these parallel types of behaviour. But when w’e come 
to the border land, represented mostly by biocolloids, the differentiation 
loses its sharpness. Ultimately a general theoretical treatment will be 
available, which will reconcile these differences and fully accoimt for 
the similarities. The possibilities of such a reconciliation in the case of 
the simpler inorganic colloids, in so far as their interactions with electro- 
lytes are concerned, have been indicated by the speaker in a recent 
publication. 


3. Db. a. N. Pubi briefly referred to some special problems of 
Soil Chemistry. 

There was a short discussion in which Prof. S. S. ]3hatnagar and 
Prof. V. Subrahmanyan joined among others. 


XXVI. EELATIOX OF ZOOLOaV TO MEDICIISIE, 
VETEEINARY SCIENCE AND AGRICULTURE. 

[Sections of Zoology, Medical Research, Veterinary Research, 
Entomology, and Agriculture,) 

A joint meeting of the sections of Zoology, Entomology, Medical 
Research, Veterinary Research and Agriculture was held in' the Audi- 
torium of the All-India Institute of Hygiene on January 5, 1938, at 1-30 
p.M. Col. B. B. S. Sewell was in the chair. The meeting was largely 
attended and a number of Oversea delegates participatocl in the dis- 
cussion. 


1. Db. Baini Prashad, Calcutta, opened the discussion. 

Detailed biological and ecological studies carried out all over the 
world have clearly shown the great dependance of the variotis types of 
plant and animal life on one another, and the very great influence exerted 
by some of them on the different types of food-crops, fruit-trees, animals, 
etc., which are so essential for the existence of human life. The groat 
advances made within the last half a century or so in the study of diseases 
and parasitology have further shown the very great importance of the' 
various classes of animal parasites, particularly protozoans and hohninths> 
in connection with health problems, not only of manltind but also of the 
various classes of domestic animals. In connection with the latter, the 
importance of Animal Husbandry, particularly in roforonce to thoir 
breeding, selection and genetics, has opened up very wide fields of research. 

In opening the discussion on the relation of Zoology to Medicine, 
Veterinary Science, and Agriculture the author discussed briefly the 
interrelationships of these subjects along the lines indicated above. In 
regard to Veterinary Science and Agriculture, the question of biological 
control was referred to and its importance stressed in connection with 
any measures that might be suggested or adopted for the control of 
various animal pests and parasites. 
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2. Db. Dev Raj Mehta, Kasatili. 

Poffsihlc Pole of Arlhrojiods as Vi’ciors of Typhus, 

lu the Simla Hills thoro oxist two types of typhus fever, the serum of 
one agglutinating strain of rroteus X K and not X 10, whilst that of the 
other gives the opposite reaction. Cases of typhus XK are reported 
during August and September and those of the X 19 typo occur dui-ing mid- 
winter and early spi'ing. Probably this seasonal incidence of the two 
types of typhus is dependent on. the prevalence of different arthropod 
vectors on the possible rodent reservoirs of infoctioii at these particular 
periods. 

A total of 2,451 rats, mice, and shrews were trapped at Kasauli and 
Sabathu during 1935-36. The rats are the accepted reservoirs of typhus 
in other countrios and harbour a virus identical to that obtained from 
human sources. 

Amongst the external parasites on these rodents are included the fleas 
— Xenopsylla cheojm, Ccratophylhis Hmla, Gtenocephalus canis and G. fells, 
and Lepiopsylla segnis. The principal mites observed are Liponyssus 
bacoti, Demianyssus sp., Echhiolaelaps echidninus, and larval forms of 
Tronibicula. The ticks are roprosorited by the immature stages of Bya- 
lomma aegyptkim, Phipiccphalus sanguineus and li, haemaphysaloides, 
Haemaphys^is sp., and adults of the genus Ixodes, The louse Polyplax 
spimdosa is very frequently found. 

The fleas {X, cheopis and 0, Simla) are the likely vectors of the x 19 
form of typhus. Tht^ possible r61e of rodent ectoparasites as vectors of 
typhus X K will be discussed. 

3. Dr. A. C. AggarwaXiA, Lahore. 

Zoology in relation to Veterinary Soience. 

In this genoral paper, the author, after defining Veterinary Soience 
in teims of animal husbandry, has stressed upon the maintenance of 
animal lioalth and elliciency, including protection from the ravages of 
disease as an all-important factor in the succumbs of agricultural life and 
procedure in India, Witliout a true laiowlodge of the cause of disease, 
remedial measures (?annot bo appropriately determined and effectively 
applied. The elucidation of tho cause of disease, however, is not alto- 
gether a one-man iRsue, There arc so many sides of a disease that tho 
definition of causation invariably requires tho collective effort and opinion 
of exports in spocual Hcieucos before any tangible summing up can be 
arrived at. A suitable team of research workers, including physicists, 
chemists, l)iochomists, botanists, zoologists, veterinarians, etc., must all 
collaborate and render necessary aid in tho survey of circumstances which 
point to the different aspects of animal <lisea 80 s. A zoologist is parti- 
cularly indispensable in tho field of Veterinary Parasitology which includes 
Veterinaty Protozoology, Holminthology, and Entomology- Even till 
to-day eomparativ(.Oy little is known about a nuinbor of parasites which 
set up a variety of diseased conditions in domestic animals and are res- 
ponsible for heavy losses to the country. Apart from this, a workmg 
knowledge of zoology is essential not only to qualify as a veterinarian 
but also for the everyday duties of a qualified veterinary surgeon. Again, 
in animal breeding, which has boon very aptly defined by Dr. Crew as 
‘ an adventurous experimental study in. applied biology a knowledge of 
the principles of evolutionary biology and an up-to-date study of the 
research work carried out by the zoologists in the field is extremely useful. 
The author, however, does not appear to be very much struck by the ultra - 
academic sentiment that ‘ polite learning and true culture admit no 
contact with utility and from a practical standpoint and as a veterinary 
field worker, ho points out that whilo tackling Veterinary Parasitology one 
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should not become so much engrossed with the parasite as to forget the 
disease. 


4. Dr. M. Sharh*, Aligarh. 

On the Relation of Zooloqy to Medicine and Veterinary Science, 
with reference to Fleas and Ticks. 

Fleas and ticks are external parasites of great economic importance. 
They transmit numerous diseases to man and domesticated animals and 
are also harmful in other ways. They have thus a direct bearing cm 
medicine and veterinary science and an indirect bearing on agriculture. 


(A) Fleas. 

Fleas affect man and domestic animals in two ways : Firstly ns 
vectors of diseases and secondly as blood suckers and annoyors of man 
and domestic animals. 

The chief interest of fleas centres round their connection with the 
bubonic plague which is primarily a disease of rodents from which it is 
transmitted to man by fleas. This disease has played havoc with man 
from times immemorial and is caused largely, if not exclusively, through 
the agency of fleas. In India alone upwards of 7,000,000 deaths, due 
to this disease, occurred between the years 1896 and 1011. 

A disease known as infantile Kala-azar, found in countries bordering 
the Mediterranean Sea, is also supposed to be transmitted by dog or 
human flea. Fleas are the suspected vector of Kala-azar, thoxigh competent 
opinion is stiU divided. Xenopsylla cheopis can transmit the causative 
agent of Tsutsugamushi fever imder experimental conditions. Htemor- 
rhagio septicsemia, a fatal disease due to Pasteur ella boviseptica, in cattle 
is transmitted by Gtenocephalidesfelis. Fleas can also transmit Rickettsial 
diseases in man. A flea acts as the intermediate host of the tapeworm 
belonging to the species Dipylidium caninum which is found in dog ami 
occasionally in man. 

Besides the transmission of diseases, fleas are troublesome parasites. 
In many cases they are said to have rendered houses or other places 
uninhabitable for a time. The Stioktight flea (Echidnophaga gallinacea) is 
responsible in the tropics and certain parts of the United States of America 
for a considerable annual loss to poultry breeders. The Chigoe (Tunga 
penetrans) causes painful sores in man or even crippling if nogloctc^d. 
During the Great War in East Africa the British Army had to wait 
for two days to occupy a position of great advantage vacated by the 
Germans, on. account of its being infested with fleas of this species. 

Fleas afford us a good instance that a mere systematic study of a 
^oup sometimes helps to clear up certain points of great economic 
importance. The Plague Commission in India failed to understand the 
reason why certain places having similar ecological conditions had severe 
plague while others like Madras and Colombo were comparatively iminuno 
from it. It was found by Rothschild and Hirst that in the plague -free 
places the rats were infested with Xenopsylla ostia which is an inofficit>ut 
vector of plague bacilli, and in areas infected with plague, X. cheopif 
which is the most efficient vector of plague bacilli, predoxninated. Thus 
a much despised systematic study of this group helped in explaining a 
puzzle which the trained applied entomologists with enormous funds at 
their disposal could not explain in a period of seven years. 

The ecological work done on fleas by Buxton, Leoson, Sikes, Bacot, 
^d t^he present author deserves to be mentioned. If the applied workers 
in this field take advantage of their pioneer work, they will be able to 
understand the flea problem and thus save humanity from its depradation. 
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(B) Ticks. 

The harmful effects caused by ticks to animals and man may be due 
to (a) their bites, (6) extraction of blood, (c) transmission of diseases, 
and {d) tick toxoemia. 

(а) Tick bites . — It is a well-known fact that the bite of a tick causes 
ulcers or small wounds which may servo as suitable places for bacterial 
infections. If the wound caused by a tick bite is large, the eggs may be 
laid by flies which develop into maggots and cause cutaneous myiasis. 
Ticks occurring on legs and between digits in sheep and cattle give rise 
to sores resulting in lameness. The fowls may die of ‘ tick worry 

(б) The extraction of blood by a large number of ticks makes the cattle 
so weak that they are dojn-eciatod in value from the commercial point of 
view. It makes them unfit for work and in milking animals the yield of 
milk is reduced to a c()nsi<lorablc extent. Repeated attacks by largo 
numbers of ticks shorten the life of animals and make them weak so tliat 
they become an easy prey to other diseases. 

(c) Transmission of diseases . — The importance (fl‘ ticks in general as 
transmitting agents of various diseases of man and domesticated animals 
continues to become more manifest as our knowledge of thorn increases. 
Smith and Kilbomo (18011) made tlio first roinarkahle discovery of the 
possibility of transmission of protozoal parasites by artliropod hosts by 
demonstrating the transmission of Babesia bhjemina by Boopinlus annulatus. 
This discovery by Smith and Kilborno opened U]) the vast field of research 
on the part played by Arthropods in tho transmission of protozoal disoasos, 
which has since then revolutionized our knowledge of tropicjal diseases. 
In man ticks transmit the causative agents (!>f tho relapsing fever 
(Spirochjetosis) all over tho world, tho Rickettsial diseases like Tick typhus, 
Marseilles^ fever and the liocky Mountain spotted fljvor of America mu I 
Tularaemia. In donu^stie animals they trausmit diseases caused by 
Babesia,, Theileria, AnapUmna, Bacteria, and Viruses. 

(d) Tick toxcBmia.— -According to some ol)sorvGrs tho salivary secretion 
of ticks contains toxins, and caw's of tick paralysis iu some animals and 
man are generally explained on tho basis of their presence. According to 
Regendanz and Roiclumow (I0:U) tlvo poison causing tick paralysis is 
Specially formed in the foniah' of’ Bhipicephalus sanguineics dojring the 
process of egg do\'olopmont. They oxporimoixtally showed that injections 
of eggs or ovaries of this tick just before ovi position gave rise in. dogs to 
symptoms similar to thoso of tick paralysis. 

The ecological studios on ticks have yielded uHoful results for tlioir 
control. Unfavourable climatic conditions which are mainly renponsiblo 
for keeping tho mnnlxor of ti<iks in chock, have been studied in somo 
countries. Ticks have natural cneinies both predaceous and parasitic. 
The study of their ellbcts in limiting the incretxHo of tho population is 
being made at present in some countries. Regarding the x^artiisitic enemies 
of ticks a serious attempt by liighly trained persons is being made at 
present at Montanna, whore a roseaniU laboratory costing about sixty 
thousand dollars was spoc.ially built for this purpose in lbli7. According 
to Cooloy for tho time being tho use of tick parasites appeal’s to afford the 
most promising method of control. 


5. Mk. M. At/m Husaiw, T^yallimr. 

lidation of Zoolo{fy to Airriculiure. 

Agriculture has always been, and will continue to be, tho fundamental 
industry of India. Zoology is intimately coniiootod with this industry. 
In Indian _ fanning animals play directly a very important part. The 
cow is indispensable, not simply because it provides wholesome food for 
human beings, but also because it provides the most essential draught 
animal — the bullock. 'J!’he earth resting on the horn of a bullock is a 
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true representation of the importance of this animal in our agriculture. 
Besides, cattle are important to Indian agriculture as producers of manure 
which is so necessary for maintaining soil fertility. Again, cattle breeding, 
sheep breeding, poultry rearing, apiculture, lac culture, and seri-culture 
are well-recognized subsidiary industries for a farming community. 

Further, animals of various groups directly and indirectly interfere 
with efficient Agriculture by destroying crops and domestic animals. 
Protozoa, worms, insects, birds, and mammals include serious foes of the 
cultivator. Perhaps insects, sparrows, and rats cause damage to our 
agriculture which is many times more than the cost of armaments, even 
at the present time of feverish activity in re-arming. 

A science, the object of which is the study of animals, has a direct 
bearing on our agricultural prosperity. Knowledge of our animal friends 
and foes will enable us to harness and control these tremendous zoological 
forces to our best purpose in order that peace and plenty may prevail 
in this world. 

6. Pboi’, F. a. E. CitBW, Edinburgh. 

The influence of heredity on reaiatanoe to disease. 

The problem of resistance to disease is of great scientific interest and 
also of vital practical and economic importance. It is a complex problem 
demanding for its attempted solution the aid of the bacteriologist, the 
protozoologist, the physiologist and the geneticist together with others. 

The degree of resistance, ranging from immunity to extreme sus- 
ceptibility, depends upon a multiplicity of factors which may be grouped 
under the headings : environment, function, and inheritance. 

The evidence in favour of inherited predisposition to or relative 
immunity from disease is overwhelming, but the relative importance of 
heredity, function, and environment still remains an unsolved problem. 

[The author could not attend this meeting.] 

7. Dr. B. Sxtndara Raj, Madras. 

Fisheries — the Problem of Pood Supply in India. 

The health of a nation is its greatest asset and the foundation of all 
health is a sufficient and properly balanced diet. It is now being empha- 
sized on every hand that the diet of the average villager is neither sufficient 
nor balanced, and scientific data is becoming increasingly available to 
prove exactly where and how the diet of the masses is deficient.^ The 
field enquiries so far made of groups of families show that according to 
the standard accepted for the average requirements of a manual worker 
in the Tropics, even villagers who are a little bettor off than the poorest 
classes of cultivators are underfed, ^ and most of the latter have accustomed 
themselves to a state of semi-starvation. 

Even worse from the physiological point of view than the insufficient 
diet of the masses is the lack of essential food factors in the food that is 
taken. These are protein,, fat, and Vitamin A. Such protein as is 
obtainable at present hy the villagers is usually vegetable protein of poor 
biological value.^ The Expert Commission of the League of Nations on 
Nutrition has reported that ‘during growth, pregnancy and lactation, 


1 Press Communique — ^Director of Public Information, dated 5-4-1037, 

2 Ceylon Jotumal of Science, Vol. IV, Part I, dated 21-4-1936, and 
Dr. Aykroyd and Mr. B. G-. Kiishnan ‘Diet Surveys in S. Indian Villages*; 
Indian Journal of Medical Research, Vol. XXIV, No. Ill, January 1937, 
pp. 671-673. 

3 Ibid., p. 679. 
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some animal protein is essential and in tlie growing period it should form 
a large proportion of the total protein Br. Aykroyd has found that in 
devising cheap balanced diets in India, the inclusion of animal protein 
in adequate amounts is the point which presents the greatest difficulty.! 

The sources of animal protein arc milk, eggs, meat and fish. Milk 
is the most valuable food known, yet it has beexi calculated that for the 
Madras Presidency only 3*6 oz, per head per day is available from cows, 
buffaloes and goats combined.- In point of fact the groat majority of poor 
families consume no milk products at all. 

Meat . — India has n\oro than a quart or of t he cattle of the whole 
world — ^in fact they have boon calculated to niunbor 2 for every three of 
the population — yet thoir milk yield as wo have seen is negligible and their 
flesh is forbidden as an article of food to Hindus. Beef and pork therefore 
are used by only small sections of the population. There remains mutton 
from sheep and goats — ^j^oultry is negligible — t^f which the available 
supply has been calculated for the moat eating population of the Madras 
Presidency at hardly *0 grammes of protein daily. 

Fish . — The prime sources of fish is sea, but apart from a negligible 
amoimt sent inland in ice for a few well-to-do customers the consumption 
of fresh sea-fish is confined to a narrow bolt of country 10-15 miles wide 
along the Coast wliich can be reached by runnel's, and possibly 50-60 
miles from the Coast w'horo bus trallic exists, liut in the inland areas, 
where animal protein from ofhor sources is in such serious defect, fresh 
fish, except what can occasioually bo obtained from tanks and rivers, 
is altogether improcurable. Cured fish, of which a limited amount is 
available, loses some of its xnost valuable qualities during the process of 
curing, especially by the methods usually pra(‘.tised in India. 

The statistics of consumption for a coastal town are available ® and 
make interesting reading, Madras City, wliioh had in 11)22 a populatioii 
of 527,000, was found as the result of a daily market enquiry to consume 
about 9i lbs. of fresh fish per head per annum, taking only 80% of the 
population as fish-oators. This menus that in a city actually situated on 
the Ooast and containing a largo proporf-ion of people living in European 
style, many of whom take fish daily, and also a much greater number of 
people whose standard of living is (jortainly above that of the average 
villager, the average daily consumption of fish per head is only ^ oz. It 
can therefore be safely assuiiKid that as a source of protein to the xmderfed 
masses in the groat inland arean fish is practically unknown,* So much 
for protein, 'i'lKj next- serious deficit in Indian diet is its low fat content 
and in consoqiuuico the virtual absence of Vitamin A. According to Pi*. 
Aykroyd the daily amount of iat nocossary is IJ to 2 oz. or 40 to 60 g.® 
The survey showed an average of only 4*4 g. daily for poor families and 
26-9 g. if well-to-<k) ones woro included.*^ Fat in itself is a necessary 
article of diet, wlnk^ the absojico or doficioney of fat-solublo Vitamin A 
is the som’ce of much of tho gcsnoral low standard of vitality found every 
where as well as the prime cfiuso of widcOy provaleixt diseases such as 
Keratomalacia, Korophthalmia and certain skin diseaHOs, No Indian 


! Health Bulletin No, 23, Tho Nutritiomil Value of Indian Foods and 
the Plaiming of satislaotoi-y diets by Hr. Aykroyd, 1937. 

Imperial Oouticil of Agricvdtural llesoarch lieport ‘Hoview of tho 
position of dairying and th(i (hu'olopimuit of Dairy Industries in India’, 
1936. 

3 Madras Fislnn'ios Bulletin, Vol. XV, No. 6. A statistical account 
of the Fish Supply of Madras. S. T, Mosers. 1922. 

* Indian .Tounxal of Morlical Hosoarch, Vol. XXIV, No. 3, p. 679 and 
Vol. XXV, p. 5, 1937. 

3 Health Bulletin No. XXllI, 1937, p. 5, 

3 Indian Journal of Medical Kosearch, Vol. XXIV, No. 3, pp. 671- 
672, 1937. 
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vegetable oil contains Vitamin A but animal fats such as butter and ghee^ 
and particularly jBsh liver oils are rich in Vitamin A. As we have seen, 
these are precisely the elements in the food supply that are so lamentably 
defective over the greater part of the population, especially of inland 
areas. 

The population of India is rapidly growing. The birth rate is com- 
puted to be double the death rate and in another 3 years the total popula- 
tion is likely to reach 400 millions. The only important food industry’' 
in the country is agriculture, but the total area under food crop only 
amounts to *72 acre per head,i and the production of food from this, even 
with improved methods and materials, cannot quickly or completely make 
up the serious discrepancy between population and food supply. The 
importation of food is precluded by the poverty of the masses. 

We are therefore driven to the conclusion that some new source of 
food supply must be found, and that this supply must be particularly 
rich in protein, fat and Vitamin A. In Indian fisheries we have a source 
of food supply capable of immediate and immense expansion, and what 
is of the greatest importance, able to supply cheaply and abundantly just 
those factors that are so serioTisly lacking in the unbalanced diet of the 
masses of the people. At least 80 % of the population will eat fiish.^ There 
seems to be no objection from any section of the community to fish oil 
as medicine. The Indian coast line gives us some 4,800 miles of access 
to wide seas practically unfiished. At present regular fishing is only 
carried on by primitive methods over the greater part of the coast line, 
but fairly accurate statistics are available of fish landed on the Malabar 
Coast of the Madras Presidency. The average catch per sq. mile works 
out at 98*8 tons,® and on this basis the possible production of the sea up 
to the 100 fathom hne, which trawling experiments have shown to be the 
most productive,^ should amount to 120,000,000 tons. When jEuHy ex- 
ploited, therefore, the sea fisheries of India, excluding Burma, should be- 
able to provide 37 J g. of protein per head daily. This will more than make 
good the deficiency of 29*9 g. of protein in the diet of the poorest classes 
as recorded by Dr. Aykroyd, and it will be protein of the greatest biolo- 
gical value. The fat content of the diet will also be considerably aug- 
mented if the amount of 131^ lbs. of fiab annually per head of the popu- 
lation becomes available by proper e 2 q)loitation, conservation and dis- 
tribution of the harvest of the sea. 

The deficiency of Vitamin A which in the average diet is responsible 
for so much suffering and economic loss among the villagers, will at once 
be made good by the addition of fish or fiish oil to the food. Cod liver 
oil has long been recognized as a valuable source of this essential food 
factor, but the oil of the Indian skate has been found to be just as potent 
in value ; the richest known source of Yitamin A is halibut liver oil, but 
in spite of ciude methods of preparation, it has been proved that Indian 
shark liver oil has nearly half the Vitamin A potency of halibut liver oil.^ 
That is to say, in Indian shark oil we have a potency of Vitamin A equal 


1 Annual Report of the Public Health Commissioner for India for 
1933. 

2 The Census Report of 1931. 

® Madras Fisheries Bulletin: Fish Statistics from 1926-26 to 1930-31. 

^ Collection of papers dealing with the Fisheries Survey of the Bay 
of Bengal — Calcutta, 1911; 

Report on the work of the S.T. ‘William Garrick’, Department of 
Industries, Bombay, 1923; and 

A Prelim in ary Report on the possibilities of Commercial Trawling 
in the Sea around Ceylon — Ceylon T oumal of Science, Section C — Fisheries, 
Vol. n, 1926, pp. 1-166, 

® Annual Administration Repoirts of the Madras Fisheries Depart- 
ment— 1936-36, Paras 79 and 80; 1936-37, Para 92. 
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to ten times of cod livor oil. Evoii Malabar sardine oil, which could easily 
be made both abundant and cheap, has been found where properly prepared 
to contain a quarter the Vitamin value of the best imported cod liver 
oil. 

In his Presidential address to the Agricultural Section last year 
Mr. Viswanath (estimated the total output of fijod nitrogen from all classes 
of crops in India at only §rda of the actual roquiromeuts of the population,! 
Indian foshorios potentially offers an enormous and liardly exploited source 
of food supply which concerns tho hulk of the jpopulation and which if 
developed will go far to revolutionize tho diet of the maasos besides 
conferring on tho people other attondtiut benefits of iucreaaod wealth and 
occupation and may foi*m a training ground for the future Indian Navy and 
Mercantile Marino. 

8. Pno-p. W. M. Tattersali, Cardiff. 

Tho development of the commorcial fishorios of India os a source of 
food supply, so ably advocated by Dr, Sundara Raj, is to bo whole- 
heartedly commended. If, however, it is to be successfully accomplished 
it should be done on strictly scientific linos from the commencement. 
The great need of India to-day is tho establishment of a fishery department 
for all India, such a carefully planned programme of Sciontifio research 
into fishery problems, covering a long period of years designed to co- 
ordinate and develop tho commercial fisheries of tho whole counti*y. 
The marked success which has attended scientific research into fishery 
problem in Europe during the last thirty years deserves (careful study 
by those who are interested in tho dovolopinoxit of Indian lislicMios. Such 
sxiooess had as a basic, purely sciontifio zoological stnidios on tho plankton 
and on tho scales of fishers, but those studios had boon found to bo of 
enormous value when applied to fishery problems, for instance, as a result 
of such work it is now possible to forecast, not only tho yield of tho herring 
fishery in any particular season, but also to indicate tho aroas which can 
be fished most profitably. This forecasting of the herring fishery had 
enabled tho industry to plan its work on oconomio lines with a definite 
saving of time, labour and money. Tho precise methods of research, so 
successful in Europe, may ixot be strictly applicable to Indian conditions 
and problems, but tho lessons of carefully phuaiod rosc^arch and its results 
should be carefully studied and taken to heart. It should not be difficult 
to modify and adapt Euroixeaii methods to the distinctive problems 
of India. If tho fishorios of India are exploited solely from tho oom- 
mercial aspect, withotit regard to tho sciontifio principles which should bo 
their fundamental basis, thoni woxild bo grave danger of tho fisheries 
being ruined in tho end. Tho problems of overfishing and close seasons 
especially roquiro to bo borne in mind and tho lessons to be learned from 
earlier disregard of those oapocjts of tho fisheries in Europe carefully noted. 

9. Col. A. Olver, Mukteswar. 

I have prepared zio paper for this meeting but there are a few remarks 
I would like to mako in rogard to what has fallen from previous speakers, 
I feel that the most imijortant aspect of an Husbandry in India at present 
is the nutritional aspect as it concerns the human race and I am very 
much in sympathy with tho Director of fishorios who has drawn attention 
to the importance of fish as a source of first class protein and vitamins in 
which Indian diet is so lacking. 

The development of Fisheries is not a subject with which we of the 
I.C. of A.R. are directly oonoernod except as regards inland fisheries but 
realizing that something ought to bo done we have endeavoured as far as 


! Proceedings of the Indian Science Congress, 1987, p. 354. 
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possible to foster the development of sea fisheries wlfich you have heard 
could furnish an immense supply of most valuable food. 

, Then there were a few points regarding the supply of milk to which 
he would like to refer. It had been said that in Madras the consumption 
of dairy products of all kinds per head per day did not amount to more 
thaai about the equivalent of roughly 3 oz. per day, while surveys carried 
out by the I.C. of A.R., the marketing survey and Major Gen. Megaw 
had shown that the average for the whole of India amounted to about 
7 oz. per diem. This was far too low particularly for a population which 
is predominantly vegetarian and there was no reason why it shoifid not be 
greatly increased. It was commonly said that Indian cows were hope- 
lessly bad milk producers but they had been able to prove that this 
assumption is quite incorrect. Figures which had been obtained by the 
investigation carried out by the animal Husbandry Bureau of the I.C. 
of A.R. had shown that if properly fed and managed selected Indian cows 
could hold their own quite well as milk and butter fat producers. In 
fact there were now several herds of pure bred Indian milk cattle which 
even under Indian conditions had reached a higher milk yield than the 
average of dairy herds in Europe and America. Moreover the average 
butter fat content of milk: of Indian cows was nearly 5% while that of most 
European breeds was between 3*2% and 3*7%. investigation had 

also shown that by proper feeding and management the milk yield of 
Indian cows could be ^eatly increased. Ordinarily Indian cows were 
very badly fed from birth. Only when they were giving milk did they 
receive anything to supplement what they could pick up and their millc 
yield was hopelessly low but investigation had shown that the average 
yield of the same cows under good but not excessive feeding and proper 
management had ah over India been increased by an average of 64%. 

Buffaloes had been more carefuhy bred and fed for milk production and 
there was hot the same scope for further improvement in their ease but 
there was no reapn why much better use should not bo made of cattle 
to increase the yield from the land. At present too much attention was 
paid in India to the production of food crops but if more fodder crops were 
produced and the cattle better fed on the cultivated lands they could 
easily increase the yield from crops so that more mill^ and better cattle 
would be produced and the return per acre greatly increased. 

Lookmg from the purely zoological point of view he was greatly 
concerned in the improvement of live stock of all kinds and the main 
factors in this work were disease control, careful selective breeding, better 
feeding and to make the most out of live stock it was necessary to make 
a careful study of existing breeds particularly of cattle. The so-called 
Indian Cattle were derived from a number of distinct types. 

10. Sir Frbdbriob: Hobday, London. 

I am. pleased to be allowed to-day to add my testimony to the value 
of a meeting like this where the title expresses the importance of working 
together as a team; and your title is * the relation of Zoology to Medicine, 
Veterinary science, Entomology and Agriculture’. Every branch of 
zoology is of importance to give assistance in the fight against disease and 
in none more than in the aid it can give to animals — ^not only in the ‘ cutq ’ 
but (which is of ever more importance) the ^prtvmtion^ of diseases. Agri- 
culture is the backbone of every country and its framework is xnade up 
of the produce of its arable land and its animals — in about equal propor- 
tions. The wealth of the owner of the animals depends upon the health 
of the animals- — ^d the health of the animals must depend on the man 
who devotes his life to the study of their diseases and their prevention-— 
i.e., the duly qu al i fi ed and scientific veterinary surgeon Sir Arther Giver 
has spoken of the importance of the study of nutritional diseases to the 
growth and health of young stock. I wish to emphasize this and to 
say at this point how very important is the help of the zoologist — whether 
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he is a specialist in helminthology. Entomology or any other branch of 
this science. The zoologist studies and works out the life -history and in 
collaboration with the veterinary practitioner and together they en- 
deavour to discover the place in the life-history of the parasite where the 
link of the chain can most effectively be snapped. 

Your scientists of India have been so hospitable to us that we all 
hope to be here again at your next jubilee ! — and again let me say what 
great pleasure it has given me personally to be allowed the privileges to 
spend in this section this afternoon. 

11. Pbof. G. D. Hale Carpekter, Oxford. 

The diseases known as Trypanosomiasis in Africa afford the best 
example of the interrelation of animals and man. The tse-tse fly disease 
of S. Africa known to Livingstone and considered by him to be due to 
some unknown living organism injected into cattle and horses ])y Glossina 
>inorsitans was shown by Bruce to bo duo to a flagellate protozoon, Try- 
pomaorm hrucei, derived by the fly from wild animals. When a serious 
epidemic disease (Sleeping sickness) on the coasts of Lake Victoria in 
Africa destroyed hundreds of thousands of natives at the end of the 19th 
century it was shown to bo due to an another spooies of Trypansome. 
Here the disease and its causal organism woro known first; the carrier had 
to be found. It was shown to be another species of tse-tso fly Glosaina 
palpalis, and the analogy with S. African ‘Fly disease’ of cattle was 
completed. 


12. PiiiNOiPAL B. L. Biiatia. 

Dr. B. L. Bhatia who started touching Zoology more than 30 years 
ago, felt delight in seeing tfiat now there won' a numbor of zoologists who 
have specialized in Protozoology, Helminthology, and Entomology, and 
that the Modical and Veterinary Departments wm*o now no longer averse 
to making uso of thoir services. Ho further strossod the need of the 
discoveries of science being made Imown to the general public, as the 
general public scorn to bo under the impression that the cost of scientific 
research is out of proportion to tho bouofit that is actually derived by the 
people. Hence the need for greater publicity and closer co -operation of 
the public. 


XXVII. A NATIONAL HERBARIUM: FOR INDIA. 

{/Section of Botany, in co-operation with the Indian Botanical 

Society,) 

After a few introductory roinarks. Prof. B. vSafmi requested Prof. 
S. P. Agharkar to open the discussion. 

1. PxtOF, S. P. Aghaukau, Calcutta. 

Opening liemarka. 

By a national herbarium I imdorstand a collection of plants which 
is fully representative of the species including all their varieties, forms, 
hybrids, geographical races, etc. found within the country and its adjacent 
parts and which includes as many typos and co -types of these as possible. 
Each species should be represented from as large a number of localities 
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and as many types of habitats as possible, so as to afford a complete 
picture of its distribution, and ecology. It should include further all 
plants cultivated in the country either as food crops for man and beast, 
raw materials for industry, medicinal drugs, or as ornamental plants. 
In short, it should include a complete representation of the wild and 
cultivated plants of the country and their variations. 

Such a collection is needed not only for the use of Botanists, but also 
for Foresters and Agriculturists as weU. Its importance for the prepam- 
tion of local and provincial floras, which are absolutely necessary for the 
spread of a knowledge of plants among the people and inculcate in 
liabits of accurate observation is very great. Problems of geograpmcal 
distribution of plants and their ecology can only be studied with the help 
of such cohectioixs. ^ i j 

The National Herbarium should be associated with a botanical garden 
(or gardens) for the cultivation of as many species as possible. This Tnll 
make it possible to study the plants in a living condition, and note the 
range of their variation. . t j- t + 

In order to find out the material that is available in India I wrcrte 
to the heads of various Indian herbaria for information regar<^g the 
(1) origin and history of their institution, (2) the collections included 
therein, (3) the staff, (4) library, (6) exploration grant and ® 
features of interest. From the replies received, it becomes evident that 
no institution in India can be said to satisfy completely the requirements 
of a National Herbarium. ^ 

The nearest approach to it is the Sibpur Herbarium which comd be 
converted into the national herbarium, if appropriate means are chosen, 
within a eompaxatively short space of time and without unduly large 
expenditure of money. The Sibpur Herbarium contains more than two 
million sheets and includes a large number of duplicates of some of the 
earlier Indian Collections. 

A detailed account of the collections available in the Sibpur Herbanum 
is given in T. Thomson’s paper ‘ Notes on the herbarium of the Calcutta 
Botanic Garden, etc, ’ published in the Journal of the Asiatic Society of 
Bengal, Vol. XXV (1866), pp. 405-418. A further account of the Indian 
coUections is given by Sir George King in his address to the Bot^y 
section of the British Association at the Dover meeting in 1899 on A 
sketch of the history of Indian Botany ’. 

The Royal Botanic Gardens, Sibpur, in which the Herbanum is 
situated, and the Lloyd Botanic Gardens, Darjeeling, afford necessary 
facilities for the study of living plants. ... . • 

Another Institution which deserves mention in this connectmn is 
the herbarium of the Imperial Research Institute, Dehra Dun. R. N. 
Parker in Bulletin No. 73 (1931) of the Imperial Forest Research Institute 
‘ The Herbarium of the Forest Research Institute ’ has given an account 
of the collections included in the Dehra Dun herbarium. Mr. Par^son 
has also contributed a paper on this subject for this discussion. Notices 
of other Indian herbaria have been given in the papers which have been 
contributed for this discussion. 

Unfortunately very few of the earlier collections,^ on which the 
descriptions of Indian plants are based, are now available in India. They 
are to be found in various British and European herbaria, the most 
important of which are those of the Royal Botanic Garden, Kew, and the 
British Museum. An account of the collections at Kew is contained in 
the paper which has been contributed for this discussion by Sir Arthur 
Hill. An account of the Indian collections in the British Museum is to 
be found in Sir G. King’s address referred to above. Prof. A. B. Rendle, 
who has been keeper of the Department of Botany of this institution, 
and who is with us to-day, will I hope supplement these remarks. Besides 
these, considerable collections of Indian plants are found in many European 
herbaria, an account of which is found in de Candolle’s Phytographie 
(1880). 
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It is useless to speculate regarding the causes ’srhich may have led 
-to this result. The fact that nearly all the workers engaged in the Scientific 
study of Indian plants in those days wore Europeans may have had some- 
thing to do with it. As collaboration with European botanists and 
comparison with specimens in European Herbaria was necessary for the 
purpose, most of the collections wore taken to Europe for study. A very 
large part of those, including types of new species have remained in 
European institutions and only a small part has been returned to India. 
The absence of any rules, until recently (July, 1937), for the loan, gift 
or exchange of specimens from tlie Sibpiir Herbarium may have facilitated 
this. 

Distribution of dupliciatos also was principally confined to European 
herbaria. The most glaring instance of the omission of Indian herbaria 
from distribution of Indian plants was the distribution of sets of Walliohian 
■collections, of which no complete sot is available in India. 

It has thus come about that most of the types of Indian species are 
foimd in European herbaria. An unfortmiate consequence of this has 
been that no critical work on Indian plants can be done in India and 
Indian herbaria have become mainly agencies for the collection of plants 
for .Kew and other non-Indian institutions. 

The purpose of this discussion is to suggest ways and means to 
remedy this situation by the establishment of a National Herbarium and 
thus make it possible for work on Indian plants being done in India. 
The absence of types of Indian species from Indian herbaria has already 
been referred to above. An effort should, therefore, be made to acquire 
as many typos and oo -types of these as possible for Sibpur. In cases 
where it may not bo possible to acquire these, speoimons should be col- 
lected from the original localities — ^where these can be ascertained — and 
made into secondary typos after matching them with the originals and 
supplemented by their photographs. In this way a coUoction will be 
built up in course of time which will be sufficient for nearly all purposes. 

Acquisition of types or co -typos is, however, not sufficient by itself 
to servo the purpose. The institution must also be adequately staffed 
so that the collections will bo properly cored for and made available for 
scientific investigations. 

The pmsont scientific staff of the Sibpur Herbarium consists of the 
Superintendent and the Curator appointed by the Qovernnxent of Bengal 
and one Systematic Assistant appointed by the Government of India. 
The Superintendent b(ung also the administrative officer for the Royal 
Botanic Gardens, and Lloyd Botaiiic Gardens, can only devote a part of 
his time to this work. 

It is obvious tliat this staff is insufficient if we expect original scientific 
work from thorn, and that it is necessary to strengthen it. The least 
that could bo done would bo to restore the post of second Systematic 
Assistant whifjh was rotronchod by the Government of India as a measure 
of economy in 1932. It is further nooossary to obtain the co-operation of 
members of the staff of Indian Universities in working out the collections 
and in conducting a botanical survey of parts of tho country which have 
not yot boon explored. It will be necessary to provide for grants for 
exploration work both by tho herbarium and University staff. It will 
also be necjessary to <lopute members of the herbarium and university 
staff to Kew as Liaison officers for periods of 2-3 years each during which 
they will bo able to acqtiiro a knowledge of tho collections at Kew and 
elsewhere. 

This can easily bo done without extra expenditure if the existing 
provision for tho Assistant for India at Kow is \xtilized for this purpose. 

It is, perhaps, not gonorally known that India has maintained o\it 
of its revenues, th(i post of an Assistant on tho Staff of the Kow Gardens 
since 1883. This official has, nearly always, boon a retired official who has 
never served in India aftor tho period of his appointment at Kew, The 
knowledge and experience that ho gained at Kew has thus not been 
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directly available to India. If on the other hand, the assistant for India 
is chosen from the staff of the Universities as suggested above, we shall 
soon be able to have a number of Botanists in India with a knowledge 
of the Indian collections in Europe who could be entrusted to work out 
Indian collections. The teaching of Systematic Botany in Indian Univer- 
sities will also markedly improve by this measure. 

I made this suggestion at the last Imperial Botanical Conference held 
in London in 1935. I am glad to say that Sir Arthur Hill, Director of the 
Kew Gardens, who is with us to-day, has recently proposed to the Secretary 
of State for India that this method be adopted in future for the appoint- 
ment of the Assistant for India at Kew. I hope the Government of 
India will be able to accept this proposal, which is likely to bo of immense 
benefit to India. 

Another subject which is likely to be raised in tho course of this dis- 
cussion is a reorganization of the Botanical Survey of India. Prof. 
Bharucha, of the Royal Institute of Science, Bombay, I understand, 
wishes to raise this question and press for the constitution of provincial 
Botanical Surveys. 

The present moment may perhaps be regarded as opportune for this * 
discussion as the Director of the Botanical Survey of India has gone on 
leave preparatory to retirement and no announcement has yet been made- 
regarding his successor. From the arrangements amiounced so far, it 
appears that it is proposed to distribute the duties hitherto performed 
by the Director among three officers, viz. (1) the Superintendent of the 
Royal Botanic Gardens, (2) Curator of the Industrial section of the- 
Indian Museum, and (3) Superintendent of the Cinchona department, the 
post of Director of the Botanical Survey itself being kept in abeyance. 

The Botanical Survey of India was constituted by the Secretary of 
State for India in 1885 in order to bring the various provincial Botanical 
departments into communication with one another. There were four 
such provincial departments : (1) the Royal Botanical Gardens, Sibpur, 
(2) the Government Botanist’s department, Madras, (3) the Botany 
Department of the College of Science, Poona and (4) the Botany Depart- 
ment of Korthem India at Saharanpur. Three of tho provincial depart- 
ments have now practically ceased to exist. 

The Botany Department for Western India, which was attached to 
the College of Science, Poona, was transferred to the Agricultural College, 
Poona, on its establishment, and placed in chai’ge of the Economic 
Botanist to the Bombay Government. One of the assistants of the 
Economic Botanist looks after the herbarium, there being no arrangement 
for exploration or upkeep. Purely scientific work is not now being done. 

The Madras department has also suffered a similar fate. The post 
of Government Botanist continues to be kept in abeyance since Mr. Barber, 
the last holder of the post, was appointed Imperial Sugarcane Specialist. 
The papers by Mr. Cherian Jacob on the Madras Herbarium and by 
Dr. P. H. Gravely on the herbarium of tho Government museum give 
an account of these herbaria. 

On the abolition of the Northern India Botany Department, its 
herbarium was transferred to Dehra Dun and on the opening of the new 
Forest Research Institute in 1909 was amalgamated with the Forest School 
Herbarium. Mr. Parkinson has contributed an account of this herbarium 
for this discussion. 

Under these conditions it is not surprising that comparatively a simll 
amount of scientific work is being produced by officers of the Botanical 
Survey. 

It is on the other hand gratifymg to , note that an increasingly larger 
amount of work is being produced in the Universities, in most of which 
facilities for research work are available. Some of the Universities have 
also herbaria attached to their departments, accounts of some of which 
are found in the communications received for this discussion. 

It is, therefore, necessary to associate them more closely with tha- 
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work of the Botanical Sur\’'ey by the provision of exploration grants and! 
facilities for the deputation of members of their staff to Europe for study- 
ing the Indian collections available in those countries. 

Ladies and gentlemen, I do not wish to detain you further, and request 
you to express your views on the subject so that a practical scheme can 
be elaborated for consideration by the proper authorities. 

2, Mr. C. C. Caldkr, Sibpur, Calcutta. 

The Herbarium of the Royal Botanical Gardens, Bihpur. 

The present collections of the Herbarium date from the 18th centur;^’. 
They consist of plants contributed by almost every worker at Botany in 
India since, and of contributions from Botanists in Europe. It is first 
and foremost an Indian Herbarium. It contains a fair amount of foreign 
collections of S.E. Asia, Japan, Persia, Asia Minor, Europe, Africa and 
America. Invaluable contributions have boon received in exchange 
from the Director of Kow, Sir William Hooker and his son and successor 
Sir Joseph Hooker. Interchanges with many botanical institutions both 
in Europe, Asia, India and America have materially enriched the her- 
barium in the exotic collection. Amongst tho private contributors in 
past times, who have onrichod tho licubaidum collections by their donations,, 
mention must be made of Vicary, Edgeworth, Griffith, Wight, Simons^ 
Law, Gibson, Stocks, Dalzell, Kurz, Miquol, Jonlcins, Maingay, Bottler,, 
Heyne and Klein, Amongst contributors in later times may bo men- 
tioned Kurz, Scully, Aitchinsoti, Duihio, Boddomo, C. B. Clarke, J. S. 
Gamble, Brandis, King, Anderson, Ealconoi*, Maclollarid, Mann, Fisher, 
Fischer, Kanjilal (Senior), C^ollott, Sir J. 1). Hooker, J. G. Wood, Rev. 
J. Campbell, Wai.t, Bvirkill, Cave, Paiitliug, Gammio, W. W^ Smith, 
Craib, Carden colkjctors at id Botanical Survey collectors since 1800. 

Tho superior staff conHists of tho Suporiutendont of tho Garden 
and .the Curator of th(^ Horbariiun. 

Tho Library oouHists of 22,500 volumes of books and journals 
arranged systomati(uilly under subject aiui regional heads with alphabetical 
c^ard index of authors. They are mostly on Taxonomy of plants. 

Boxburgh’s unpublishc<l drawings running to several volumes and 
tho manuscript catalogin' of Wallichian sIiooIh, also unptxblished, am 
features of interest. 


3. Mr. 0. E. Paiikinson, Dohra Dun. 

The Herbarium of the Forest Itescarch Institute, iJehra Dun. 

Tho herbarium of the Forest Bosearch Institute at Dohra Dun. was 
started by Mr. J. S. Gamble of tiu' Indian, Forest Service who hocame 
the Director of tho Forest School in 1890. To start thi' collection he 
presented tho herbarium with n duplicate sot of his own collootions that 
he made in Bi'ngal and Madras and ho ad<lod to it by eolloeting assiduously 
during his stay in Dehra Dun and from tho contributions that he received 
from various forest officers whom ho had doubtless interested in botanical 
work. Gamble collecstod oxotii*. plants which are so frequently neglected 
by collectors and many of those ar<' of interest in that they show tho 
date of introdiK'tion and sonreo of many of the bamboos and other plants 
grown in tho Forest Park and grounils of the Forest School at Dehra 
Dun. Mr. J. F. Duthie of tho Botanical Department of Northern India 
contributed largc'ly to tho Forest School herbarium and good local collec- 
tions of trees and shrubs were obtained by tho Instructors and students 
of the school, especially from ITpcndranath Kanjilal and Mian Birbal. 
Several private collections made by forest officers appear to have been 
presented for instance by A. Smythies from tho Central Provinces, Gustav 
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Mann from Assam, A, Lowrie from Ajmer, J. C. McDonell from Kashmir 
and R. Ellis from Chamba. By exchange a number of Australian plants 
were received from Baron von Mueller. 

The herbarium was originally housed in one of the buildings belonging 
to the Forest School, now the Forest Rangers’ College in Dehra Dun, 
and it became part of the Forest Research Institute in the course of its 
<.levelopment. In 1908 the herbarium of the Botanical Department of 
Northern India was transferred from Saharanpur to Dehra Dun and 
with the opening of the new Forest Research Institute at Chandbagh 
it was amalgamated with the Forest School herbarium in 1909 and housed 
with the Forest Botanist’s office in a separate building in the Chandbagh 
estate north of the main Institute building. Nothing is known of the 
relative sizes of these two herbaria except that the Saharanpur herbarium 
was larger than that of the Forest School. A note on the origin and 
development of the Saharanpur herbarium up to the time of its transfer 
and amalgamation with the Dehra Dun herbarium will be of interest. 

The Botanical Gardens at Saharanpur were established in 1816 
but no proper herbarium was formed till many years later. Dr. Govan, 
the jfirst Superintendent, collected plants in the Sirmoor State in the 
Simla hills and part, or possibly the whole of his collections, which have 
since not been traced, were listed in Wallich’s Catalogue. He was suc- 
ceeded by Dr. Royle, well known for his ‘ Illustrations of the Botany of 
the Himalaya mountains ’ published between the years 1883 and 1840. 
Royle, during botanical explorations in the Doon and the hills north of 
the Doon and the Simla hills, made a collection of herbarium specimens, 
the bulk of which he took with him on retirement to England and were 
sold after his death in London for a few shillings, but some that he left 
behind were preserved in the Saharanpur herbarium. Dr. Falconer 
succeeded Royle in 1831 and the collections that he inade or obtained 
from various parts of India were mainly sent to London but some have 
been preserved in the Saharanpur herbarium. Dr. Jameson who succeeded 
Falconer in 1842 made few collections of interest, 

Mr. J. F. Duthie succeeded Dr. Jameson in 1876 as Superintendent of 
the Botanical Garden and in 1887 he became the Director of the Botanical 
Department of Northern India and from that year up till his retirement 
in 1902, was able to devote his time entirely to Botanical work. Prior to 
his arrival the herbarium occupied a very subordinate position at 
Saharanpur but he immediately set to work to put what there was of it 
in order and during his botanical tours he collected extensively and 
added several thousands of specimens to the herbarium. He also obtained 
valuable material by interesting civil and military officers in coUeotii^ and 
through the authorities of the Royal Botanic Gardens, Kew, and his two 
collectors Inayat Khan and Harsukh who toured many parts of India 
and became efficient and experienced collectors. Duthie can be regarded 
as the founder of the Saharanpur herbarium. 

Duthie made the following special hot weather tours for botanical 
exploration and collection and the specimens obtained by him during 
these tours were incorporated in the herbarium : — 

1877 to Jumnotri and the source of Jumna. 

1879 to the Kedarkanta mountain in Tehri Garhwal- 

1881 to Gangotri and the head of the Bhagirathi valley. 

1883 to Gangotri, the Nila valley and across to Jumnotri. 

1884 to Kumaon, West Nepal and the Tibet frontier. 

1 886 to British Garhwal ae far as the Kuari pass. 

1886 to Kumaon and West Nepal. 

1892 to Kashmir and via Baltistan to Gilgit. 

1893 to Kashmir via the Liddar and Sind valleys to Baltistan, 
across the Kargeh Pass and along the Kishenganga valley to 
Gurais and thence to the Deosai Plains by the Burzil Pass. 



Part IV — Discussions. 


123 


In addition Duthie visited several localities in the United Provinces, 
Rajputana, the Central Provinces and the Punjab and accompanied the 
students of the Porest School, Dohra Dun, on their tours in the Siwaliks, 
Dehra Dun, Jamisar and Garhwal. He also accompanied the Black 
Mountain Military Expedition in 1888 and Inayat Khan and Harsukh, 
his collectors, accompanied the Chitral Expedition in 1895. Harsukh 
also made interesting collections in Gilgit and Waziristan. 

As far as is known none of Roxburgh’s specimens are represented in , 
the Dehra Dun herbarium but there are a number of specimens collected 
in the Royal Botanic Cardens, Calcutta, which bear a label similar to 
those commonly found in the WaUieh Herbarium and which are some- 
times of great value in lielping to determine some of Roxburgh’s plants. 

Many of the older collections made for the Calcutta Botanic Garden 
prior to 1842 are also in this herbarium. A few of Wallich’s Nepal plants 
were recently received from the British Museum and others, occasionally 
bearing the Catalogue numbers, have been received either from Calcutta 
or from private collections such as that of Sir George King. There are 
also some specimens of Strachoy and Winterbottom, Griffith, Heifer and 
Hooker f. and Thomson and a fair number of Stocks’ specimens have come 
in with the Herbarium of Dalzell which was purchased jointly by Duthie 
and King. A set of Wight’s South Indian specimens were received from 
Kew but it was not a complete one and more of his specimens have come 
with the herbarium of Dalzoll. Some specimens of the earlier collectors 
like T. Thomson, Beddome and Falconer may also be seen in the her- 
barium and the following collections of the later collectors may be men- 
tioned as being specially valuable and extensive : — 

Col. Davidson, R.E., from Kumaon. 

Dr, Aitchison, a complete collection of his Punjab plants. A 
nearly complete sot of his Kun‘am valley specimens. A 
set of his Afghan Boxindary Delimitation specimens. 

Dr. Goodenough, this herbarium was received from Kow and 
contains specumons from (iomitries other than India. 

Sir D. Brandis, the greater portion of Brandis’ herbarium was 
received from Kew. 

Thwaites, a valuable collection of Coylon plants. 

C. B. Clarke, The Cypcratioie and other specimens from various 
parts of India. 

Sir H. Collett, from Siiida, North-West Frontier and Upper Burma. 

C. F. Elliott, Conservator of Forests, Punjab. Specimens from the 
Punjab and North-West Frontier. 

A. V, Munro, from Hazara, Baluchistan and Multan. 

C. W. Hope contributed many spocimons of ferns. 

W. Gollan, Superintendent of the Botanic Gardens, Saharanpur, 
from 1887 to 1904 collected extensively. Ho was mainly 
interested in mosses. 

Cooke, an extensive colloctioxi of Bombay plants labelled * College 
of Science Poona ’ was received from Dr. Cooke. 

Lisboa, grasses collected by Dr. Lisboa are frequently mentioned 
in the Flora of British India. 

Gamble, from Bengal and later from Madras. 

W. A. Talbot, Conservator of Forests, Bombay, contributed speci- 
mens from the Bombay Presidency. 

J. H. Lace, from Baluchistan and tho Punjab and later extensive 
collections from IzJuxina which wore supplemented by collec- 
tions made there by various forest officers whom he intorostod 
in his work, liko E. M, Buchanan and Maung Kyaw. 

H, H. Haines, from tho United Provinces, Bengal, Bihar and 
Orissa and tho Central Provinces, collections made in connec- 
tion with his ‘ Botany of Bihar and Orissa ’ and ® Forest 
Flora of Chota Nagpur ’. 
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D. 0. Witt, in preparing his Descriptiv'e List of the Northern and 
Berar Forest Circles, Central Provinces, contributed collections. 

K. S. Hole, collections made during his tours as Forest Botanist in 
Assam, the Central Provinces, Mussoorie and Jaunsar. 

A. E. Osmaston, from Dehra Dun, Kamnagar, Garhwal and exten^ 

sive collections from Kumaon made for his Forest Flora of 
that area. 

B. N. Parker, extensive collections from the Punjab, Chamba, 

Almora and Burma during the many tours made by him and 
numerous collections made during his stay in Dehra Dun. 

Rai Bahadur XJpendranath Kanjilal, extensive collections from 
Assam and Dehra Dun. 

C. E. Parkinson, from the Andaman islands, Burma, Kulu, Jaunsar, 

Bengal and Chittagong. 

H. Gr. Champion, from Almora and various parts of India during 
tours made by him as Silviculturist of the Forest Research 
Institute. 

Dr. N. L. Bor, collections from Assam, Naga hills. 

Numerous minor collections have also been received from the various 
provinces in India and from Burma from forest officers and others in- 
terested in the collection of plant specimens or in connection with their 
work. These are too numerous to detail hero but the following deserve 
mention. From the Andaman islands collections made by B, B. 
Osmaston, R. L. Heinig, C. G. Rogers, King and Praia and their collectors 
fi‘om Burma collections were sent in by 0. B. Smales, C. G. Rogers, 
A. Rodger, especially Dipterooarps, and duplicates of tlie extensive 
collections made by the Forest Botanist and his collectors were supplied 
from the Maymyo herbarium. Kashmir collections oamo from Rai 
Bahadur Keshavanand and from W. J. Lambert. Specimens were sent 
from Coorg by H. S. Tireman and Madras collections by 0. E. 0. Fischer, 
A. W. Lushington and E. K, Krishnan. Some of Bourdilloifs Travancore 
sj)C'oimons arc in the herbarium and the Conservator of Forests sent many 
from that State, Numerous students’ collections have also been added 
to the herbarium as well as those made at Dehra Dun and the adjoining 
country by B. L. Gupta in connection with the revision of Kanjilal’s 
Forest Flora and by M. B. Raizada in bringing Duthie’s Flora of the 
Dpper Gangetio Plain up to date. 

The collections in this herbarium are not only confined to Indian 
specimens but numerous valuable specimens from all parts of the world 
have been obtained by exchange from other botanical institutions. The 
following are the chief additions made in this way. 

B'uaaia . — Central Asian and other plants from that country received 
from the Imperial Botanic Garden, St. Petersburg, later known as the 
Principal Botanic Garden, Leningrad. 

Smtzerlcmd . — A valuable collection of plants largely material des- 
cribed in the Flora Orientalis was received from Dr. Boissier, Also 
specimens from other parts of Europe from the Botanic Gardens, Geneva. 

Philippines . — ^Through Dr. E. D. Merrill valuable exchanges were 
made with the Bureau of Science, Manilla. 

America . — By exchange with the Arnolds Arboretum numerous 
woody plants have been received including many of E. H. Wilson’s Chinese 
collections, American plant specimens were also received from the 
Gray Herbarium and the New York Botanic Garden and from the latter 
institution a valuable collection of Dr. Koelz’s North-West Himalayan, 
plants were obtained. 

Japan . — Japanese specimens from the Imperial University, Tokyo, 
Japan. 

Sweden . — ^From the Botanical Gardens, Stockholm, and the State 
Natur^ History Museum Scandinavian plants including an extensive 
collection of Salix specimens determined by Floderus. 
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Australia . — From the Botauicj (hardens, Sydney, and the National 
Herbarium, Melboimie, many Australian collections including a collection 
of Eucalyptus named by .7 . H. Maiden. Also a collection from the School 
of Forestry, Victoria. 

Soxith Africa . — A collection of South African plants from the National 
Herbarium, Pretoria. 

Bcvision of names by specialists . — Amongst many othem the collections 
of the following plant groups have been sent to specialists for study and 
naming thus adding very greatly to their value ; — 

Mosses.— All tile older Indian sheets wore named by Dr. Brotherus 
of Helsingfom. 

Ferns. — C. W. Hope spent many weeks at Saharan]3ur naming the 
fern collection. 

Charaocoe by H. and J. Groves. 

Aconitum by Dr. O. Stapf. 

Crucifer ce by O. E. Scluiltz. 

Impatiens by Sir J. D. Hooker. 

Leguminosce by Sir D. Praia. 

Qrassula some of the sheets have been named by R. Hamet. 
Eucalyptus most of the species cultivated in India have been 
determined by J. H. Maiden. 

Callistemon by E. Choel. 

UmbelUferce the naming of tlie plants in this family had been taken 
by H. Wolff but had not been completed at the time of his 
death though a great many were determined by him. 

Qentiana by J. H. Burldll. 

Labiates by Sir D. Praiix. 

Plantago by Pilger. 

Polygonum by A. T. Gage. 

Euphorbia by A. T. Gage. 

Ephedra by Dr. O. Stapf. 

Dioscorea by Sir D. Prain. 

Juncaceae by G. Samuelsson. 

Oyperaceoi by C. B. Clarke and W. B. Turrill. 

Oraminece by Haeckel. 

Bambusoe by J . S. Gamble. 

EtUaceoBj Aurantioidece by Dr. T. Tanaka. 

Avicennia by Hr. H. N. Moldonke of Now York. 

Jxora and Pavetta 7)y Hr. C. E. B. Bremokamp. 

Meconopsis by Dr. F. Fodde of Berlin and G . Taylor of the British 
Museum. 

Oorydalis by Dr. F. Fedde. 

Tarahtogenos and Hydnocarpus by Dr. H. Sleumer. 

Dipterocarpus by K. N. Parker, 

Tenninalias of the section Pentaptera by 0. E. Parkinson. 

The herbarium is housed in one of the large halls of the Forest 
Research Institute at Dehra Hun whore there is ample accommodation for 
the collections and workom with room for expansion. The number of 
sheets is now estimated to be a quarter of a million to which about three 
thousand are added annually. 


4. Ma. V. M. Chavan, Poona. 

The Herharhm of the Ecommiic Botanist to the Government of Bombay. 

The Herbarium of the Economic Botanist’s section dates back to 
1880. It was started when the Agricultural classes were held in the 
College of Science, Poona. The valuable collection is the work mostly done 
by Dr. T. Cooke, Messrs. G. A. Gammie, R. K. Bhide and H. P. Paranjpn. 
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The collection includes : — 

(а) All the representative flowering plants of the Bombay Presidency 

and some of the Cryptogams — ^mostly ferns. 

(б) Specimens of flowering plants collected and contributed from 

different parts of India. 

(c) A large collection made by Mr. W. A. Talbot, Conservator of 

Forests, Bombay Presidency. 

(d) A small collection, by the late Mr. Jayakrishna Indraji of 

Kutch containing some flora of Kathiawar. 

There is no special officer in charge of the Herbarium but one of 
the Assistants of the Economic Botanist looks after it. 

The Library of the Economic Botanist section as well as the Library 
of the College of Agriculture, Poona, is at the disposal of the Herbarium. 

There is no special grant for exploration and upkeep. 

{Note . — The herbarium was completely destroyed by Are in May, 
1902. A fresh begioning was made by Dr. T. Cooke presenting his private 
collection to replace the one lost by fire. — S. P. Aghabkar.) 

6. Dr. F. H. Q-ravrly, Madras. 

The Herbarium of the Government Miiseumi Madras. 

The Madras Museum is the earliest botanical institution in South 
India. Even so early as 1878 its botanical collections were so crowded 
that necessity for more room began to be felt. It was at the Madras 
Museum that Surgeon Major GI-. Bidie prepared the Flora Medica of India. 
It was here that the famous collections of Wight, W. Elliot, Drew, 
Cleghom, Beddome, Bidie, as also those of C. B. Clarke, Cameron, 
Bourdillon, Lawson and other pioneers were preserved. When C. A. 
Barber succeeded Lawson as Government Botanist in 1899 he moved the 
Government to have the herbarium transferred from the Museum to his 
charge at Ootacamund which was sanctioned. When Mr. Barber’s head- 
quarters were moved to Coimbatore the herbarium was also shifted to 
Coimbatore. 

With the popularization of botany in schools and colleges the need 
for a herbarium was keenly felt at Madras and a start was made again 
in 1920 to form a herbarium of local plants. A study collection was soon 
built up and an illustrated Flora of Madras City and its immediate 
neighbourhood was published in 1929. 

The botanical gallery needed complete reorganization and this 
necessitated extensive collecting in South India, in which much valuable 
help has been received from Mr. E. Bames, Professor of Chemistry in the 
Madras Christian College. Thus the beginning of a new general herbarium 
was made in 1921 and its specimens have been gradually increasing in 
number since, though of course nothing approaching finality has been 
reached. The staff consists of a single member, Mr. P. V. Mayuranathan, 
the botanical assistant who joined the Museum in 1920, with the assistance 
of one attender. 

There is no special exploration grant, so the cost of touring has to 
be met from the small travelling allowance grant from which the tours of 
all the Scientific Assistants of the Museum have to be paid for. 

The old museum library formed the nucleus around which the large 
and well-organized Connemara Public Library grew up in the Museum 
grounds. Though now primarily a public library .it continues to cater 
for Museum needs. 

6. Mr. K. Cheriait Jaoob, Coimbatore. 

The Madras Herbarium. 

The Madras Herbarium was foimded in the year 1874; by Mr. M. A. 
Lawson, a former Principal of the Presidency College, Madras. It was 
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lirst located in that College and was subsequently transferred to 
Ootacamund from where it was finally brought down to Coimbatore in 
1910 on account of its dry and cool cliinato which is very osscatial for the 
proper pi-oservation of the spediaons. Dr. C. A. Barber, C.I.E,, was 
associated with the Herbarium from 1900-1012 and contributed mucli 
towards tho oxeollcnco of its collections. Later, Dowan Bahadur K. 
Kangaohari, M.A., and Bao Bahadur C. Tadulingam, F.L.S., added much 
A^aluable material. At present Mr. K. Ohorian Jacob, L.Ag., E.L.S., is 
in charge of tho Herbarium uad<u* tho adiniiiistrative control of the 
Principal, Agricjultunil College, Coiinhatoro. 

The Herbarium now contains about 85,000 shoots of specimens a 
large number of tlxom has boon autheuti(^ato<l at tho Boyal Botanic 
Gardens, Kow, and they include many typos and co-typos of representa- 
tive South Indian plants. Tlio collections of many eminent Botanists 
like Wight, Boddomo, Gamble, Boirrdillon, Bourne, etc. aro included in 
the Herbarium. There is also a separate fruit and seed collection in 
addition to a collection of South Indian drugs. Materials for tho prepara- 
tion of the Plora of tho Presidency of Madras by Gamble wore supplied 
by this Hiu’bariuin. At present, materials for the preparation of the 
District Ploras of the Presidency are being collected. About 100 now 
species were described from tho material available in tho Horbariunu 
Besides those, tlu^re is a wide variety of exotic collect ions from Cuba, 
Australia, South Africa, Federated Malay States, United Stahls of America, 
etc. The economic section of tho Herbarium contains a sot of woll- 
preparod specimens of all tho South Imlian varieties of Bananas and alst> 
HpecimeiiH illustrating tho life -history of moat of tho South Indian crops- 

A small Library of about 200 volumes of well-known l^'loras is kept 
in the H<^rbarium for ready roforeuco. Besides this, tlw.'n^ is tho General 
Library of tho Besearch Institute containing about 5,000 volumes of 
botanical books and forming an easy source of mferonce to tlio Herbarium 
staff. The wall space of the Hall of tho Herbarium is decorated with 
framed specimens of inh^rosting and economic plants. About 70 varieties 
of ripe bananas are preserved in their natural colours and exhibited aloi^g 
with life -cycle charts and photographs of tho same. 

Tho staff of tho Herbarium now consists of Senior Assistant 
Mr* K. Ohorian Jacob, L.Ag., F.L.S,, assisted by two Sub-Assistants and 
a Plant Collector* The post of tho Government Systematic Botanist is 
now kept in aboyarico. The present exploration grant is Bs*450 as against 
the original grant of ltB.3,00() in tho beginning. 

A small Arboretum and a Botanic Garden attached to tho Bosoarch 
Institute form suitable adjuncts to tho Herbarium. 


7, Dit. M. Mitua, Now Delhi. 

Thv, Herbarium of the Imperial Mycologist 

Origin arid history, Tho inception of tho Mycological herbarium of 
the Imperial Agricultural Bosearoh Institute, Now Delhi, was made by 
Dr. E. J. Butlor wluui he was appoinkwl as tho Oryptogamic Botanist to 
the Govornmout of JiKlia in 1901. In 1905, Dr. liutlor was transferred to 
l^usa os the Imperial Mycologist, and it was hero that collootion on an 
extensive sc^alo from India was made and to which a largo number of 
authentic HixMtiinons from foreign countries wore added. In 1936, tho 
herbarium was transferred to Now DoUxi wlien tho Institute was shifted 
due to tho Bihar earthquake of 1934* 

Tho herbarium was started with a view to collect and identify parasitic 
fungi, specially those affecting plants of oconomio importance, so that 
the fungi of this country could be compared with those of other countries, 
thus enabling tlie experience and work of other countries to bo utiliased 
properly. It was also intended that this herbarium would afford to 
provincial workers a ready means of identifying tho fungi unknown to 
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them, and in co-ordinating the work done in one province with that in 
another. 

Collections included in the Herbarium. During the last thirty-five 
years the Section has acciumulated a valuable collection of specimens of 
Indian parasitic fui^i and has received in exchange from foreign coxmtried 
such as the Philippines, Java, Straits Settlements, and also from Australia, 
New Zealand, Central Europe and the U.S.A. collections of parasitic fungi 
of economic importance in those regions. The collection represents about 
750 genera and about 6,000 species. Apart from these fully identified 
specimens, there is a large collection of fungi whose specific determination 
has not yet fully been made. 

Staff. The herbarium is imder the supervision of the Assistant 
Mycologist who is helped by a junior assistant but more staff is urgently 
needed. 

Library. The Section has been fortunate in gradually procuring a very 
valuable collection and it is regarded as the best library for the Mycologioal 
literature in India. It includes all the well-known current periodicals, 
books, monographs and floras. There is also a valuable collection of rare 
books and reprints. Some of these date back to 1816. 

Ma^loration grant. Surveys were undertaken expressly for collection 
of specimens for the herbarium when the Section was started, l^enever 
tours are undertaken for the definite purpose of the investigation and 
observation of specific diseases, opportxmity is taken to collect specimens 
from that locality for the herbarium. On account of lack of funds surveys 
cannot be done .on extensive scale. 

Other jeaiwres of interest. In many cases, specially in fruits and 
vegetables and some aquatic fungi, the specimens are pickled in jars. 
Stages of pleomorphic fungi obtained in ctiltures are also pickled in 
fixatives. 

A part of the activity of the herbarium is the maintenance of stock 
cultures of many pathogenic fungi. There are at present about 300 
cultures obtained from various sources and are available for mycologioal 
workers in India and foreign countries. 

A catalog;ue of all the specimens in this herbarium and their host 
index was printed and made available to the mycologioal workers in 1921. 
An up-to-date supplementary list is being prepared and will soon be 
available. 

8. Dk. S. Hedayetullah, Dacca. 

The HerhaHvm of the Economic Botanist to the 
Government of Bengal. 

Collection and identification of the plants on and round the Dacca 
Earin began with the creation of the Dacca Central Agricultural Farm in 
1909 by Dr. G-. P. Hector. 

There are about 6,000 specimens. The collections included in the 
herbarium are (a) Weeds of the cultivated fields, (6) Legumes and fodder 
crops, (c) Grasses of Bengal and Bihar, {d) Varieties of crop plants, (e) 
Varieties of paddies, and (f) Disease and pest infected crop plants. 

There is no exclusive staff for the herbarium, but there is one preparer 
who makes the herbarium sheets and takes care of the specimens. The 
field staff (6) of the section collect material whenever necessary. The 
identification of the material is done by the Economic Botanist or by his 
Laboratory assistants. 

There are about 26 volumes of Floras of India and her provinces. 
There is a proposal for acquiring Index-Kewensis and Pflanzen-Familien 
shortly. 

There is no special exploration grant, but the Economic Botanist 

his staff have a total travelling allowance grant of nearly Ils.7,000. 
They tour throughout the province and sometimes outside the province 
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as well. Interesting specimens are collected from different parts of 
Bengal and elsewhere during the tour. 

The department has in view the building of a central agricultural 
museum at the Dacca Farm. In this connection a proposal has been 
made to set apart one spacious hall for a herbarium of agricultural plants. 
The special feature of the proposed herbarium will be to keep complete 
specimens of all the pure line strains and types of the various crop plants 
of Bengal and if possible of other provinces as well. 

The present herbarium is being reorganized and attention is being 
concentrated on collecting the weeds of the cultivated fields of Bengal 
in order to study their botany with special reference to their ecology 
and reproduction. 

9. Mk. T, S. Sabnis, Cawnpore. 

The Herbarium of the JScommic Botanist {Oilseeds) 
to Qovernmentt United Provinces, 

As far as the teaching section in Botany is concerned, there is a small 
ooUeotion of specimens required for instructional purposes. Regarding 
Research side, I have an exhaustive collootion of plant types of Agricultural 
crops representing different parts of India as well as the new t5pes evolved 
either by selection or hybridization. The collections were made from 
plants grown with seeds received from different parts of India. The 
TOecimens pertain to the following crops : — Sun-hemp (Orotalaria juncea 
L.), Linseed (Linum usitatisslmum L.), Rai {Brassica juncea H. f- and 
T.), Sarson (Brassica campestris, L.), Tori (Brassica Napus, L.), Safflower 
{Carthamus tinctoriua L.), Groundnut {Arachis hypogcea L.), Til {Sesa^ 
rmim indicum L.), Jawar (Andropogon Sorghu Brot), Maize {Zea mays 
L.), Bajra (JPennisetum typhoideum Rich), Sanwan (Panioum Frumen^ 
taceum Roxb.), Manduwa or Nashani {Eleusine coracana Gaertn), Arhar 
{Oajanus indicm Spreng), Mung (Pkaseolus radiatics Linn.), Urd (Phaseohis 
Mungo Linn.), Bhang, Ganja or Charas plants — Cannabis sativa L. 

There is no special grant for maintaining the herbarium, but these 
collections were made for reference purposes from experimental crops. 


10. Mb. M. BHA.TIA, Nagpur. 

The Herbarium of the second Economic Botanist, 

Government of the Central Provinces, 

The herbarium was started by Dr. R. JT. D. Graham in 1908 for the 
use of the students, staff and research workers of the Agriculture 
Department, and nearly all the Angiosperms, i.e. indigenous plants of 
Central Provinces and Berar are in its collection. There is no separate 
staff maintained to look after the herbarium nor is there any separate 
library or exploration grant sanctioned for it. 

11. Db. T. C. N. SiNOir, Sabour. 

The Herbarium of the Economic Botanist, Sabour (Bihar), 

The herbarium consists chiefly of collection of plants from Bhagalpur 
District. It was started by the late Mr. E. J. Woodehouse, Economic 
Botanist to the Government of Bihar and Orissa sometime about the 
year 1910. 

It consists of plants belonging to Angiosperms, Pteridophytes, Fungi 
and Lichens, etc. 

There is no special staff attached to the herbarium. 

A departmental library is being maintained. 

9 
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12. Mb. S. L. Ghose, Lahore. 

Herbarium of the Government College, Lahore, 

The Herbarium of the Government CJollege, Lahore, was started in 
1916 by the late Professor S. R. Kashyap, D.Sc. Since then valuable 
collections have been made by members of the College and University 
botanical staffs, research scholars and students of advanced classes. 
There is no special staff to look after the Herbarium. All the plants are 
housed in the Government College Botany Laboratory and are under 
the direct supervision of the Professor of Botany of the College, who i& 
also the Director of the University Botany Laboratory. Some of the 
collections have been made with the help of occasional grants from the 
College and from the University. 

The following collections are found in the Herbarium : — 

A. (i) A very rich collection of Angiosperms from Southern Tibet 
especially South-Western Tibet, comprising more than 200 species (ex- 
cluding Cyperacese and Graminese), all properly labelled. This is perhaps 
the largest collection in the world for this area, (ii) A richly representa- 
tive collection of flowering plants from the outer ranges in the Western 
Himalayas, (iii) A comprehensive collection of flowering plants comprising 
about 460 species from the Lahore District, properly named, (iv) A 
representative collection, also named, from the rest of the Punjab plain. 

B. (i) A comprehensive collection of Ferns and their allies comprising 
about 76 species from Mussoorie and Dehra Dun. (ii) A rich collection of 
Ferns and their allies comprising about 100 species from Darjeeling, 
together with another 60 species from Sikkim, all properly named. 

C. A rich cpUeotion of mosses comprising more than 200 species 
from the Western Himalayas and the Punjab plain, mostly named by 
Prof. Dixon. 

D. (i) A comprehensive and properly named collection of Liverworts 
from the Western Himalayas and the Punjab plain comprising about 166 
species, (ii) A richly representative collection of liverworts, properly 
named, from Darjeeling and Sikkim comprising about 100 species, (iii) 
Some 40 species of liverworts from South India, (iv) About 300 species 
of foreign liverworts, properly named. 

E. A richly representative collection of Lichens comprising about 60 
species from Darjeeling and Sikkim, properly named. 

F. (i) A good collection of Indian fungi, especially of those forms 
causing diseases of plants, (ii) A rich collection of smut fungi and aquatic 
znoulds. (iii) A large number of specimens of fungi imported from con- 
tinental Europe and America. 

G. (i) A fairly representative collection of freshwater algse of the 
Punjab comprising about 260 species, properly labelled, (ii) About 60 
specimens of marine algse from [Karachi coast and its neighbourhood, 
which are being worked out. 

There is a library in the Laboratory in which botanical books and 
journals belonging to the College, together with some of those of the 
Univeraty are kept.^ About 1,900 volumes and 4 journals are housed here. 
There is ako a University Library at a distance of about a furlong in 
which^ a fairly large number of botanical books are kept and some leading 
botanical periodicals are regularly subscribed for. 

At present no exploration grant is given to the Herbarimn from any 
somce. The College and the University Botany Departments are main- 
taining the Herbarium with difficulty from their own funds. 

13. Prof. F. R. Bharxjoha, Bombay. 

Herba/rvum of the Moyal Institute of Science, Borribay, 

The total number of plants in our herbarium is 1,993 (phanerogams 
only). 
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There is no special staff. 

Exploration grant : Rs.600 per year. 


14. Prof. J. H. Mitter, Allahabad. 

Herbarium of the Department of Botany ^ Allahabad University. 

The Botanical Laboratory, Allahabad, was built in 1923 and its 
herbarium was started soon after. 

The herbarium contains mostly specimens of fungi collected from 
various places in India (Naini Tal, Mussoorie, Simla, Darjeeling, Murree 
Dalhousie, Ootacamund, Almora, Allahabad, Elhandwa, Majhgawan, 
Jubbalpur, Jullundar, etc.). Besides these, some ferns and An^ospenns 
have also been collected from the above-mentioned places. 

A number of fungi and Angiosperms have been received in exchange 
from other countries. 

There is no special staff for the herbarium except a herbarium bearer. 
A teacher of the Department, however, arranges the specimens and looks 
after them. 

The Library facilities are not very satisfactory. There is only a small 
departmental library which mostly contains the books and journals 
necessary for teaching purposes. Books and journals have to be borrowed 
from other places. 

The department is getting only ils.200 a year for plant collection 
which greatly restricts our activities in this direction, often enabling us to 
visit only localities where we can be sure of getting material for class 
work. 

A number of new species and 5 new genera of fungi have so far been 
described. Unfortunately some of the best specimens were available in 
very limited quantity. 


15. Mr. J. C. Banbrji, Calcutta. 

Herbarium of the Oahutta University. 

The Herbarium of the Calcutta University was started in 1921 by 
Prof, S- P- Agharkar with the specimens collected by him during his 
European tour in addition to duplicates presented by the Director, Botani- 
cal Garden, Berlin-Dahlem, as its nucleus. These collections included 
specimens from the South-West of Prance, Spain, the Pyrenese mountains, 
the Reviera coast, North Italy, Germany and Norway. A representative 
collection of mosses was purchased from Vienna and subsequently added 
to the herbarium by Dr. P. BrOhl, late University Professor of Botany of 
the University. This is perhaps one of the best collections of mosses 
in India. A comprehensive and properly labelled collection of flowering 
plants and ferns from Chota Nagpur was presented by the late Rev, A. 
Campbell. A collection of duplicates from Malay, Sikldm, Andamans, 
Southern India and Godavari District received from the Royal Botanic 
Garden, Sibpur, has also been included in the herbarium. 

Valuable collections made by Prof. Agharkar from Nepal, Khasi hills, 
Sundribans, Simla, Darjeeling, Deoban and Mussoorie have been properly 
labelled and added to the herbarium. Materials for a flora of the locality 
are being collected and determined by Mr. J. 0. Banerji, Keeper of the 
Herbarium, Research Scholars and Students of advanced classes. A good 
collection of flowering plants, chiefly from Switzerland, was made by Prof. 
Aghaikar during his European tour in 1935. 

The following works of exsiccatse were purchased and incorporated 
in the herbarium : — 

(1) Migula’s cryptogams (Algse, Lichens and Mosses). 

(2) Hupke Herbarium cecidiologicum. 
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There is a separate collection of interesting Indian xnatorials prow 
in fluid for a botanical museum. Owing to absonoo of funds for iBt*i^**p**^ 
show-cases and want of space in the laboratory, tho coHoctiou no tv l 

displayed properly. A fairly representative collection of 
of the locality has been made and properly labelled by Mr. 0. »«>**>* 

A good collection of local Characeee has been properly named and a **♦#’*' 

of marine algae from Krusadi island and its noighbotirhood aro 


worked out. 

The Staff consists of a Keeper of the Herbarium and a Plant 
under the supervision of the Head of the Departmorxt of Botany. 
is no exploration grant at present, but specimens are oollootecl 
tours undertaken with post-graduate students. Tho cost of local 
tions is being met from the departmental funds. 

There is a good Library in the Department which inolutlos ^ 

the standard works on Systematic Botany and on the Indian flora. 
of the leading botanical periodicals are regularly subsoribtKl for. 

A small botanic garden has been recently started in tho cjompotixiK^* ♦ *» 
the Botany Department. 


16. Pbop. M. Saybhd-ud-Dht, Hyderabad. 

The Herbarium m the Botany DepartmerU of the Osmania 
University. 


Proper oolleotion and preservation of plants was started by !ProC- M. 
Sayeed-ud-Din in the year IdSl, but owing to several handicaps the pro|a(rsnw*i* 
w€is very slow till 1934. 

Amongst the, coUeotions included in the herbarium are th© local 
numbering 2,000, plants from British India about 200 obtained fronn 
Hoyal Botanio Garden, Calcutta, British plants alK)ut boiin^ %!lht0 

Sayeed-ud-Dm and Dr. Haeaxn Ali 
and Californian plants numbering 200 obtained in exchange from Mr- 
S. Bose of California. 

separate staff for the herbarium. Two of tho 
T Department are entrusted with this work- 

The Library although it contains a good number of rare and staursclsard 
works on floras wstiU poor. It is only since 1934 that it haa boon posmitnfo 
TObscril^for^ Departmental Library. Sixteen imjiortant mwm> 

Since 1935 four hundred rupees are sanctioned annually for *t>otir4jrii|| 


17. Mb* S. H. Pra.ts:b, Bombay. 

Bombay Natural History Society, Bombay* 

ottKo^Xy 
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18. Sir Arthctr W. Hill, Kew. 

The Indian colUcticna at Kew, and the relations 
between Kew and Sibpur. 

The Herbarium of the Royal Botanio Gardens at Kew was founded 
in 1852 on the presentation of the important botanical library and her- 
barium of Dr. W. A. Bromfield by his sister. Actually, from the previous 
year Sir William Hooker’s herbarium had been available for study, but it 
remained his private property until his death in 1866. In 1863 with the 
addition of George Bentham’s herbarium the Kew institution was given 
a start which has brought it through continual accretion to its present 
outstanding position. 

Botanical investigation had started much earlier than this in India, 
at least as early as the beginning of the 17th century when Edward Bulkley 
was attached as Surgeon to the Madras Establishment of the East India 
Company, while Van Rheede was preparing his great work Hortus 
Malabaricus on the other coast. 

Regular botanical collection, however, received a special stimulus 
in 1768 when John Gerard Koenig joined the Danish Medical Mission at 
Tranquebar. This ardent botanist not only sent considerable collections 
to various Botanists in Europe, such as Linnaeus, Lamarck, Roth, J. Smith, 
Vahl, A. P. de Candolle, but greatly influenced others to similar activity, 
so much so that several of his friends, including J. P. Bottler, J. G. Klein 
and B. Heyne, banded themselves as * The United Brothers ’ for the 
pleasure of the study of the flora. 

Many new species were based on the specimens of those collectors 
by the botanists mentioned and others, including Koenig himself and, 
after his death, by his friend Dr. William Roxburgh. 

Koenig bequeathed his own herbarium to Sir Joseph Banks and 
eventually it reached the British Museum in London. 

Roxburgh was among those who came xmder Koenig’s influence, 
and he eventually became the second Superintendent of the Botanio Garden 
foimded by Lt. -Colonel Kyd near Calcutta in 1787. Unfortunately 
Roxburgh’s Carnatic collections were lost in an inundation. His later 
collections, as William Griffith has pointed out, were incorporated without 
distinguishing marks with others accumulated at the Calcutta Herbarium. 

The whole of these were taken to England in 1828 by the then 
Superintendent of the Gardens, Dr. Nathaniel Wallich, with the per- 
mission of the Court of Directors of the East India Company. To this 
large collection were added those which had reached the East India 
Company’s Museum in previous years from Wallich himself, as well as 
the collections made in the Ci rears by Dr. Patrick Russell ; by RottlOr, 
Klein and Heyne in other parts of South India ; by Dr. Francis Buohanan- 
Hamilton in various parts of India ; in Siam and Coohinchina by G. 
Finlayson and by Dr. Robert Wight in the Madras Presidency. Wallich 
had spent some months in Nepal and besides ooUecting plants himself 
had instructed native collectors from whom ho continued to receive plants 
after his return to Calcutta. The whole collection, now known as the 
Wallich Herbarium, was entrusted to Wallich to be divided into sets and 
distributed. This task, with tho assistance of voluntary helpers, was 
accomplished between the end of 1828 and 1832. The sets were trans- 
ferred to various European Herbaria, i>he chief one being presented by 
the Court of Directors of the East In(ha Company to the Linnean Society 
of London. 

No set come to Kew, for the simple reason that the Kew Herbarium, 
as we have seen, was not then in existence. At the end of 1832, before 
his return to India, Wallich sent the unsorted remainder to the Linnean 
Society with a request that the best obtainable set from it should be 
transmitted to Calcutta. This request remained unfulfilled for some time, 
but some twenty years later this remainder, together with some Indian 
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collections made by H. Falconer, W. Heifer, and others 

by Heifer and Maingay from Malacca, which had been lying in the cellars 
of East India House, were made over to Kow and, after being sorted into 
sets, were distributed under a Kew DislTihuiioyh numhcT, together with 
those obtained by Joseph Dalton Hooker and Thomas Thomson in their 
expeditions in the Himalayas a few years earlier and tho collections made 
for them by the latter’s brother, Gilbert Thomson, in S. India, in view 
of the projected ‘ Flora indica of which only tho first volume was pub- 
lished in 1865. 

A good set of these was presented to the Herbarium of the Boyal 
Botanic Garden at Calcutta. 

I need not dwell at greater length on this aspect of the subject since 
a full account was given by Dr. Thomas Thomson, then Superintendent of 
the Calcutta Botanic Garden, in his note on tho Herbarium of that institu- 
tion published in 1866 in the Journal of the Asiatic Society of Bengal, 
Vol. XXV, p. 406. . , . , , 

I should also remind you of Sir George King s Address to the Botanical 
Section of the British Association held at Dover in 1899, when he gave 
a very comprehensive and most interesting account entitled ‘ A Sketch 
of the BKstory of Indian Botany In this Address a full record is given 
of all thft collectors who have enriched the Herbaria at Calcutta, at Kew 
and at the British Museum with Indian collections. 

In 1913, owing to pressure of space, the Linnean Society of London 
offered the custody of its set of the Wallioh Herbarium to the Kew 
Herbarium, where it is still housed in the fine mahogany cabinets in 
which it was kept at the Linnean Society; the duplicates from the 
remainder alluded to are inooiporated in the general herbarium at Kew. 

Tyi subsequent years, further Indian material came to enrich the Kew 
collections in various ways ; by gift, purchase or exchange. The most 
important of these are the collections of Strachey and Winterbottom from 
the Himalayas, a set of which was sent to the Calcutta Herbarium ; those 
of M, P, Edgeworth from North India; of V. de Jacquemont obtained 
from French sources ; of Dr. R. Wight and Colonel R, H. Beddome,! both 
mainly from South India ; of J. E. T. Aitchison on the N.-W. Frontier; 
of Dr. B. Schmid in the Nilgiri Hills ; of N. A. Dalzoll and J . Stocks from 
Bombay ; of Colonel Collett in Burma and those made by Sir D. Bra n dis 
from various parts of Indda and Burma. In addition, C. B. Clarke, J . S. 
Gamble, J. H. Lace, J. R. Drummond and H. H. Haines presented their 
complete herbaria to Kew, each consisting of a very large number of 
sheets. 

Kew has received also very large contributions from the Calcutta 
Herbarium and to a lesser degree from the Madras Agricultural College, 
the Forest Research Institute at Debra Dun, and the B'orest Departments 
of Travancore and Burma. Besides these sources, Kew has received 
contributions from a number of individual botanical collectors in various 
parts of India and Burma. Wherever possible tlxe Calcutta Herbarium 
has been supplied with duplicates of interesting or new plants from these 
acquisitions and the intercourse between the two establishments has 
been mutually helpful and cordially reciprocal, thanks to tho enlightened 
policy of the respective Superintendents and Directors, among whom I 
should especially mention Sir George King, Sir Joseph Hooker, Sir William 
Thiselton-Dyer, Sir David Brain and Lt.-Colonel A. T. Gage. 

Besides the supply of herbarium specimens, Kew has been in a position 
to render considerable service to Calcutta in the determination dining a 
period of years of a very large number of sheets by comparison with the 
types or with well-authenticated specimens. Facilities are always offered 
for .the study of the Kew material and the following main floras have been 
compiled entirely or in part in the Kew Herbarium : * The Flora of British 


1 Beddome’s first^set of specimens is at the British Museum. 
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India ’ by Sir J. D. Hooker assisted by several botanists ; ‘ The Flora of 
the Upper Gangetio Plain ’ by J. H. Duthie ; ‘ Flora Simlensis ’ by Col. 
Sir H. Collett ; ‘ Indian Trees ’ by Sir D. Brandis ; ‘ Flora of the Presidency 
of Bombay ’ by T. Cooke ; * Flora of the Presidency of Madras ’ by J. S. 
Gamble, and the ‘ Botany of Bihar and Orissa ’ by H. H. Haines, Sir 
George Watt’s ‘ Commercial Products of India I may remind you, was 
also prepared at Kew. 

For the purpose of the preparation of some of these works a large 
number of specimens were obtained on loan from the Calcutta Herbarium, 
the Agricultural College, Madras, and the Forest Department, Travancore. 
These were all scrutinized, the determinations checked and corrected 
whenever necessary and the undetermined ones named. Some of these, 
when the number of duplicates so justified, were retained with the per- 
mission of the responsible authorities, and the rest, comprising the great 
majority, were duly returned. 

The recent visit to Kew of Mr. K. Biswas, the Curator of the Calcutta 
Herbarium, has been a welcome one, and with his collaboration a con- 
siderable number of sheets from the Kew Herbarium have been presented 
to Calcutta. Further duplicates will be set aside for Calcutta when a 
list of requirements has been prepared and sent to Kew. It is to be 
hoped that Mr. Biswas’s visit will be followed by visits of other Indian 
Systematic Botanists and that the co-operation and friendly intercourse 
between our two groat Institutions, which has lasted so long, with such 
fruitful results may become closer and of increasing value in the future. 

19. Dr. F. R. BuAlRUOha, Bombay. 

A Plea for the Revival of Provincial Botanical Surveys in India. 

A plea is made to establish Provincial Botanical Surveys in each of 
the eleven Provinces of India for the following reasons : (1) To be able 

to survey the vegetation of India ; (2) For mapping of the vegetation 
which is not done so far in India ; (S) For the formation of provincial, 
regional and local herbaria ; (4) For the publication of Flora exsiccata ; 
(6) For the collection of seeds, fruits, etc. for academic investigations of 
commercial value; (6) To serve as centres of special information to 
Medical, Chemical, and Pharmacological Institutes ; (7) For propagation 
of knowledge for nature -study and creation of National Parks for preserving 
bits of natural vegetation. Lastly a few sxiggestions are made on the 
method of organization of such Surveys. 

20. 1^. N. De, Shillong. 

Shillong herbarium. 

A HoriouB effort to start a herbarium in Shillong seems to have been 
made from tho year 1912 when Sir Archdalo ISarlo, the then Chief 
CommiHsionor of AsHarn and tho Government of India decided to publish 
a Flora for AsHain. The Into Rai Bahadur Upondranath Kanjilal, retired 
Extra-Deputy Conservator of Forests and an eminent Botanist was 
entrusted with tho task of touring tho whole province with a view to 
oolloctiou of plant spociinons. A very comprehensive collection was 
made by him and it became iiocoHsary to maintain a staff for mounting 
and poisoning Hpooiinens. 

Onco a home was found for housing tho specimens, collections began 
to come in from Forest Olticors and others interested in the Flora of 
Assam and today there are more than 38,000 shoots and 2,000 wood 
specimens in tho herbarium. 

It would bo, however, wrong to say that qur collection began only 
from 1912, for wo have got in our herbarium, sheets collected by that 
distinguished botanist Gustav Mann, in tho year 1878. 
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The herbaritim is now the most important centre for collection and 
identification of plants in Assam and receives many enquiries regarding 
their occurrence, supply and properties. In fact, the herbarium has more 
than justified its existence. 

Although much useful work is being done, we are being constantly 
handicapped for want of adequate fimds. The Botanical Forest Officer 
can hardly tour in the remote interior for exploration which is at present 
delegated to a herbarium mounter. The staff of the herbarium which 
consists of a Botanical Assistant on whom devolves most of the routine 
work, two mounters and two poisoners who are still on a temporary 
basis is hardly sufficient to cope with the increasing work. 

No grant is earmarked for exploration, but the Conservator of Forests 
allots funds from time to time which amount to about Rs.600 per annum 
on the average. 

The herbarium library is not large, but it contains most of the 
publications of old authors. Here again absence of funds is our handicap. 

Volume I containing Parts I and II (Thalmiflbrse and DiscifLoree) of 
the Flora of Assam has already been published and Volume II (Calyciflorse) 
is in the press. Volumes III and IV are being prepared for the press. 

Two numbers of the Forest records have been published by Mr. A. Das, 
(I.F.S. Retd.) containing the new plants of Assam and it is very likely 
that some more species new to Science will be discovered. 


21. J. J. Asaxa, Ahmedabad. 

The Qvjarat College Herbarium, Bombay Bresidency. 

Origin and history : The Gujarat College Herbarium was started by 
Prof, W. T. Saxton, M.A., F.L.S., I.E.S., I.A.R.O., in the year 1914. He 
was in sole charge of this herbarium tiU 1922. This herbarium came into 
existence mainly due to his efforts. He was assisted in his work by the 
late Mr. L. J. Sedg^ck, B.A., F.L.S., I.C.S. 

The collections inclicded in the herbarium : The herbarium includes all 
the plants of Northern Gujarat, which have been systematically recorded in 
his paper ‘Plants of Northern Gujarat’ by Saxton and Sedgwick published 
in the Records of the Botanical Survey of India, Vol. VI, No. 7, 1918. 
It also contains a fairly large collection of plants from other parts of 
* India specially Kashmir, Murri Hills, Mount Abu, Castle Rook and other 
places. There are about 3,000 plant specimens in the herbarium. Lately 
Mr. R. N. Sutaria, B.A., M.Sc., who is on the staff of the Biology Depart- 
ment, Gujarat College has’ added several interesting specimens of plants of 
South Gujarat. 

No special staff or special library is attached to the herbarium. There 
is no special exploration grant. 

22. Sm Authtjb Hill, Db. K, P. Biswas, Db. K. Bagohbb, 
Db. M. Mitba, Mb. Nabayanswami, Db. K. C. Mbhta, 
Pbob. Bhab'Uoha and others took part in the discussion. 
Prof. B. Sahni then summed up the position and requested 
Prof, Agharkar to make concrete proposals. 

It was agreed that (1) there was a necessity for a National Herbarium 
in India, (2) that the Sibpur Herbarium should form the basis for this, 

(3) that it was necessary to strengthen the scientific staff of Sibpur, and 

(4) that the existing provision for ‘Assistant for India at Kew’ should be 
utilized for training personnel. 

It was resolved to appoint a Committee of the following to prepare a 
workable scheme on the above basis and submit it to the proper authorities ; 

1. Prof. S, P. Agharkar, Convener. 

2. Prof. B. Sahni. 

3. Dr. K. P. Biswas. 
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4. Dr. K. Bagchee. 

5. Mr. S. N.Bal. 

6. Dr. K. C. Mehta. 

7. Dr. M. Mitra. 

Sir Arthur Hill was not included in the Committee as he was leaving 
India, but it was agreed that the Committee should work in consultation 
with him. It was further agreed that Brevet-Col. B. N. Chopra be also 
consulted whenever necessary. 

The Committee has since met and forwarded its recommendations to 
the authorities concerned. A statement on the subject will be submitted 
to the 26th Session of the Indian Science Congress Association to be 
held at Lahore. 


XXVIII. THE DISSEMINATION OF CEREAL RQSTS IN 
INDIA. 


(Section of Botany.) 

Pbof. J. H. Mitteb presided, and Pros’. K. C. Mbhta opened the 
disoussion. 


1. Prof. K. C. Mehta, Agra. 

Opening Memarks, 

In the year 1923, the writer started a study of the factors concerned, 
in the annual outbreaks of rusts on wheat and barley in the plains of India. 
The present state of our knowledge on the subject is summarized below: — 

(i) There is no local source of infection in the plains at the time 

of new sowings (October-November). 

(ii) Weather conditions arc quite favourable from October 

onwards yet no rusts appear at most of the places for as 
long os 3*^ months from the time of sowing. 

(iii) Evidently rusts are re-introduoed into the plains year after 

year from somewhere. 

(iv) In contrast with the death of all urodospores in the plains, 

due to heat, after the harvest there is conclusive evidence 
of oversunxmering of all the rusts under study, in the hills. 

(v) Year after year, rusts break out earlier and plant for plant 

there is heavier infection at the foot of the hihs than at 
places farther off, 

(vi) Still earlier outbreaks (November-December) have been found 

on the hill crops that are sown during Octobor-November. 
In the case of early hill crops (sown April-June) rusts have 
• been found during J\me-September. 

(vii) As far as the plains are concerned, Berhe^'is and Thdltctrum, 

which occur only in tho hills, seem to paly little part in the 
annual origin of black rust of cereals and the brown rust 
of wheat respectively. 

Both these rusts break out year after year at the foot 
of the Nepal range and in tho plains of Peninsular Indm 
during December— January i.e., 3-4 months before their 
alternate hosts which occur only in the hills, could ever 
get infected. 

(viii) At the foot of the Nilgiris these rusts have been found to 
appear as early as September-Ootober in miniature plots 
sown at tho request of the writer during June-August 



138 


Twenty-ffth Indian Science Congress. 


(4 and 2 months respectively before the normal crops). 
It may be pointed out that every year these rusts are found 
in abundance by August at altitudes of 6-7000 ft. in the 
Nilgiris on the first crop (sown April-June). 

Since the year 1930 a good deal of work has been done on rust dis- 
semination but the period of study is too short for an explanation of out- 
breaks in the country as a whole, at any rate, on the basis of wind trajec- 
tories. Still two important foci have been located wherefrom rusts 
spread to the plains. 

Rust spores have been caught from the air on stationary slides, 
exposed in aeroscopes at a large number of stations in the country, long 
before the appearance of the rust in question on the local crops. 

Nearly 8,000 wind curves have been studied so far, out of which 
a considerable number have been found to be significant. The course 
of such winds in the case of some of the stations is of special interest and 
points to dissemination, of the rusts concerned from hill stations, where 
on account of oversummering and earlier sowings (April-June in the 
South and July-August in the North) they had been found in abundance 
a few weeks before. 

Annual rust epidemics over large tracts of the country should be 
effectively controlled by stopping this early dissemination of rusts to the 
plains by the following means ; — 

(i) In Nepal, wheat and barley should not be sown anywhere 

before October. 

(ii) The first crop of wheat and barley (sown April-June) in the 

Nilgiris and Palni hills should be suspended. 

Rigorous destruction of self-sown plants and tillers of wheat and 
barley, on which rusts oversummer, 1-2 months before the sowings in all 
hills and hilly tracts should help considerably in the cbntrol of rust out- 
breaks in general. 

The speaker showed lantern slides, maps, charts and wind trajectories 
in order to illustrate his remarks. 


2. Pbof. a. H. R, BtJLLER, Manitoba. 

In western Canada there are no Barberry bushes and yet the wheat 
is attacked every year by Puccinia graminis. The source of infection 
consists of clouds of uredospores which are carried by northerly winds 
for hundreds of miles from the middle-western parts of the United States 
to Canada. In the southern part of the United States, P. graminis over- 
winters in the uredospore stage. A proposal has been made to breed 
rust -resisting wheats suitable for growth in the wheat areas of the southern 
States and thus to prevent uredospores being carried northwards to 
Minne sota and the Dakotas subsequently from these States to western 
Canada. 

I have listened with great interest to the account given by Professor 
K. C. Mehta of his work on the Rust Fungi of India done during the past 
i^teen years. The practical measures which he now recommends should, 
if earned out, very considerably decrease the incidence of the Rust disease 
in India and so add to the food resources of this great country. Professor 
Mehta recommends: (1) that in Nepal, wheat and barley shoxild be sown 
in October instead of August-September; (2) that in the Nilgiri and Palni 
bills, the first crop of wheat now sown April-June, should not be sown at 
aU, but should be replaced by some other crop; and (3) that in the hills 
in general, self-sown plants and tillers of wheat and barley should be 
destroyed 1-2 months before the sowings. All these recommendations 
seem to me to be wise and practical and I trust that the Government 
will see its way to carry them out, particularly No, 2, which would mean 
the suppression of wheat crop which is grown on only about 2,000 acres. 
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3, Db. L. a. Ramdas, Poona. 

1. If the source of rust was along the slopes of the Himalayas and 
of other mountain systems elsewhere in India, it is possible that the 
katabatic winds which flow down-hill practically every night in clear 
weather would convey the infection into the plains. Huring day time 
the anabatic (up -valley) air currents would carry the spores upwards and 
the chances of such spores infecting the plains would be more remote. 

2. The spores conveyed into the plains by the katabatic winds 
would during day time be dispersed into the upper air layers by the diurnal 
convective movements. The problem is to find out whether particles 
having the size of rust spores will have a sufficiently rapid rate of settling 
to become sources of infection on a sufficient scale, 

3. One process by which such settling down of rust spores in the 
upper air may take place quickly would be by means of rain-drops which 
can form on them whenever there is the necessary supersatumtion in the 
upper air. If that happens it would be easy to account for some of the 
misfits regarding dates of incidence which are found by Prof, Mehta. 

4. In all phenomena where questions like ‘Source* and ‘Disse- 
mination’ are involved one important fact to establish is the most usual 
variation of the factor in question wdth elevation above ground. Unless 
this is done it may bo difficult to assess the relative importance of the differ- 
ent air layers as ‘significant ’ i layers in so far as their disseminating 
power is concerned. Ordinarily, one may be led to expect that the 
nearer a ‘significant’ air layer is to the ground, the more likely the signi- 
ficance may bo taken to bo. 

6. In investigations where ‘eoiucidoncos’ of certain factors are 
sought for in order to fit in two observed sots of data, it is important to 
remember that ‘non-coincidences’ should also be sought for without 
bias in order to bring out the relative importance of ‘fits’ and ‘misfits’. 

6. The cereal rust research in India under Prof. Mehta is one of the. 
problems in which meteorology plays an important part. Prof. ‘Mehta 
is to be congratulated on the success with which he has boon working out 
the problem. 


4. Db, H. Ohaudhttbt, Lahore. 

I have had opportunities of following Prof. Mehta’s work and also 
discussing with him tho problem several times during the last 10 years 
or so. I have no doubt that tho incidence of rusts in the plain has no 
connection or perhaps very little connection with aocidiospores on Bet- 
heria in tho hills. Again there is no dotxbt that rusts in an epidemic form 
occur earlier near tho foot of tho hills o.g., Pathankot, Gurdaspur, etc,, 
in the Punjab, than x)lacos further away in tho plains. Wo know also 
that uredospores from the previous years’ crop cannot survive tho heat 
of the plains and that viable umdospores arf^ found in the low hills practi- 
cally throughotxt th(^ year, l^rof , Melxta has provoci by very convincing data 
how tho sporos from the hills are carried by the wind and bring about 
infection. Ho htia also suggested very practical moans of controlling 
rust — at least to an appreciable extent — by shifting the time of the wheat- 
sowing over a small area in tho Palni and Nilgiri hills and by Rowing 
early ripening varieties in Nepal whi<*.h are foci from which infections are 
carried over considerabk^ areas, It seems very important to me that 
■Government should as a tost measure carry out Prof- Mehta’s suggestions 
for a couple of years in tho Palni and Nilgiri hill centres. If successful, 


1 Prof, Mehta calls certain wind trajectories at particular levels which 
show evidence of having started from rust-infected regions as ‘significant’ 
trajectories. Such trajectories are found by him to fit with the sequence 
of dates of incidence reported from observing stations along the trajectory. 
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the amount of saving will amount to several million rupees. The Govern- 
ment a:^d the people realize the huge amount of loss sustained by the 
country and I think this body of scientists who no doubt feel convinced 
about Prof. Mehta’s work, should press the Government to take it up at 
once and try to save the wheat lost through rust attack, for the country. 
Prof. Bullet has mentioned in the course of discussion that in 1914 by 
facts and figures and propaganda, he convinced the Government of his 
country that a huge amount of the food of the soldiers on wheat was being 
eaten up by the rusts and that some could be saved by eradicating 
the Berh&ris plants^ Professor Bullet has told us of the astounding fact 
that in a week’s time, he was able to free his country from Berh&ris, Prof. 
Bullet is very fortunate in coming from a country where people not only 
realized the gravity of the situation but worked accordingly to the advice 
tendered by the scientists. It is, however, all so very different in our 
country. If Government in our country worked according to the advice 
of the scientists and spent even a dBraction of the amount lost through 
ctoases for remedial measures, the condition of the people would be 
different. Prof. Buller emphatically stated that the measures suggested 
by Prof. Mehta were very practical and should be adopted without delay. 
He also said that breeding a wheat which would resist all the three rusts 
which occur over the greater part of this country was a very difficult 
job and was likely to take a very long time. 

I am therefore strongly of the opinion that the Government of tjiis 
country should take early steps towards necessary legislation so that the 
method of control proposed by Prof. Mehta be enforced. It is of the ut- 
most importance that as much of this colossal sum of money that is being 
lost every year be saved as possible. In the case of results of applied 
importance, it should not do to stop with a scientific report and I am sure 
this meeting will lend its fullest support to the views that have been 
expressed by Professor Buller and others. 

Pnor. K, C. Mehta in reply to Ramdas’s question regarding the 
importance from the statistical view-point of trajectories that have not 
been found to be significant, said that arrangements had been made for 
their examination by a statistician. 


XXIX. ALGAL PROBLEMS PECULIAR TO THE 
TROPICS, WITH SPECIAL REFERENCE TO 
INDIA. 


{Section of Botany,) 

pRor. P. B. Pbitsoh presided, and Prof. M. 0. P. Iybnoar opened the 
discussion. 


1. Prof. M. 0. P. Iyengar, Madras. 


Opening Remarks, 

The study of algse, as compared with the other brantshes of Botany, 
is quite a recent one in India. For quite a number of years only a few 
botanists were studying the subject. I am very glad to find that more 
of our botanists are now taking to its study. 

We are extremely fortunate to have amongst us today Prof. F. B. 
Fntsch, the world’s foremost authority on algae. You may be interested 
to know that Professor Fritsch is not new to our country. He came to 
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( VyltuTk tibmit tthirty years ago axxd made a special study of the algae of 
thi'* uiul hua given in two valuable papers an excellent account of the 

iM-ology of Ceylon and alao of the tropics in general. From my ex- 
<>f llu^ iilgal flora of India, I find that his remarks regarding the 
ttlgnl «H»ulogy of Ceylon are equally true in most respects of the algal flora 
of lui 1141 4 i1h<k I am sure, you all, like myself, are eagerly looking forward to 
liiH valuable remarks on our algal problems. 


Lakes and Larger pieces of water, 

Wliilo tiho gonoral (‘haracterisfcios of temperate inland waters Imve 
thoroughly studied by a number of very eminent algologists, 
tlio i’’liit r*i<^h‘riat.i<^B of tropical waters have not yet received the attention 
il«*H 4 '*rvo. Only a few tropical lakes have been investigated so far m 
itotuil ('spooially in Africa and in Java. But ^ regai^ Indian 
m WO may Bay that pracstically no work has been done so far. 

TH*4 watvrs of tcMupt^rate regions may be classified broa^y ^der tl^e 
umin t V I-HW. (1) tho Oligotrophic. (2) the Eutrophio and (3) the Dystroplnc. 

tmffutnjphia lakes an^ characterized by vory great purity of the wato 
with wti <‘xtn»nu>ly low mineral content and a very great clanty of the 
with the result that light penetmtes to a very great depth in t^se 

The diHsolved oxygen is distributed 

fr<« 4 i t l«> top to the bottom and tho pH value also is umfoma likewise 
The silt is very poor in quantity ^d the orgamc inatter 
iM low and tho small quantity of OO^j that is present is found just 

t l\i> Hilt. Tho colour of tho water is bluish. The algal flora is very 
^m%U itx 4 luautity though tho number of spocioB is fairly largo, ^he 

dintriLiii^d mort> or less equally from tho to thfe^ 

nn^l «irf t ifchlo tf> tlourish ovou in tho iowonnost regions, owing to the easy 

d“»£sav . -5- figh 

omsx'ifilly of nitrah's and phosphates. Tho colow of the water 
M iar«^** 4 iHli-voiluw^ an<l light docs not penetrate very much mto the deeper 

I u nmniuS acdiimulates. Owing to the decay 

iXuor tlu, i5.tU„u Uvyor« also the nooess^y cygea 

of those lakes are charao- 

bihf >% * ■*''^',imtd(mUvSurKe in quantity and the colour of the water 

u \'he jmmbor of ploiikton algal orgams^ IS 

i«t to dnrk h , P hdooxos. Owing to tho acidity of the 

^1*?*^ ftPtivitv is low scf that not much of putrefaction takes 

:.s:: sf si.'S'i'.'sSi.”!: t~» .» d»d ..*»»». d. «» 

rcitim to tbo wntor. 
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Besides these three different t 3 rpes of lakes (viz. Oligotrophic, Eu- 
trophic, and Dystrophic), a number of intennediato types are also described 
by various authors, but for our purpose it will be enough to accept only 
these three types. 

In India, especially in the tropical portion of it, wo do not have 
any large lakes like those of the temperate regions, but we have various 
types of smaller waters. It would be very interesting to find out how far 
these smaller pieces of water conform to the different typos found in 
the temperate regions. So far as I have been able to find out, most of 
our waters her© appear to be more or less eutrophic in character but 
detailed investigation is needed to decide the exact nature of the several 
waters. From what I have seen of them, it looks as though an entirely 
different kind of classification would be required for our waters. There 
is plenty of scope for the algologist for reseai’ch in this direction. 

Exact data are lacking as regards stratification and circulation in 
tropical waters. In temperate lakes, during the summer months the 
surface layers show the highest temperature and the temperature decreases 
downwards, the lowest temperature being found at the bottom. This 
decrease in temperature downwards is, however, not uniform. The tem- 
perature decreases steadily and gradually downwards up to a short distance 
from the surface and then there is a sudden fall, and tlien tho decrease 
in the temperature is steady once again and more or loss utiifomi right 
down to the bottom. The region where there is a sudden fall in tho t^- 
perature is known as the thermoclme, the region abov(^ tho thermocline 
is known as tho epilimnion, and all the region below it is known os the 
hypoUmnion. Towards the approach of autumn the surface temperature 
gradually goes down. And, as the temperature goes down, tho water 
in the smrfao© layers becomes, owing to its lower temperature, bulk for 
bulk heavier than the water in the lower layers and so k<H>ps sirrking con- 
tinuously downwards with the result that a sort of a c‘.onv<^ction current 
starts. This process goes on continuously until fiiuilly all tho layers 
reach a uixiform temperature of 4®C. As a result of this corxvoction current 
a complete rotation takes place bringing about a total mixing up of the 
water of all the different layers. This is called tho autumnal circulation. 
But as the season advances and winter approaohow, tho h^iupt^rature of 
the surface waters becomes still further cooled down, i.o. l>olow 4®0. 
But, since water at 4®0 has got the maximxim (lennity, tho water of the 
surface layers, when cooled down below 4°0, (expands and becjoinoa bulk 
for bulk lighter than the water of the lower layt^rs, and tho c*ouvection 
current stops. In the height of winter, the surfatto layers show the lowest 
tomperatxrre (0°C) and the bottom layers th(^ maximum temperature 
(4°0). Here also there is a thermal stratification, but the stratification 
is the reverse of what is seen in summer, and is callcnl an inverted stratifica- 
tion as opposed to the summer stratification wliich is (sailed a direct strati- 
fication,, In spring, the temperature of tho surfacscs laycsrs goes above 
0®C, and the water in the upper layers bociomos bulk for bulk heavier 
than the water of the low'er layers and so falls downwards and causes a 
convection cturent which continues until the whole body of tho water 
reaches a temperature of 4°C. As spring advances and the temperature 
of the surface layers goes above 4°C, the convection cumsnt stiops and as 
the season advances the upper layers become gradually waimor and warmer 
than the lower and by the beginning of sumnxor a definito stratification 
(direct stratification) is finally established. Thxis there aro two poriods of 
circulation, one in autumn and another in spring and two (pxiesconb periods 
— a very long one in summer and a very short one in winter. Those latter 
periods are known as the mmtmr stagnation and the winter stagnation^ 
respectively. During these two latter periods, there is a dofiixito thermal 
stratification in the lake, the stratification being direct in summer and 
indirect in winter. 

We do not know how far a similar thermal stratification over a fairly 
long period is present in otit waters. Since tho bottom temperature 
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in our tropical lakes of India novor readies 4°C, it being mostly about 
12 to 15°C even in the coldest part in tho year, tho type of circulation 
that is found in tho temperate regions is therefore not at all possible in 
our lakes. 

Ruttner, while working on soino lakes of Java, Sumatra and Bali 
islands, comes to tho conclusion that a dolinito stratification is found in 
some of tho deeper lakes and that a sort of a thermocline also is noticeable, 
Worthington Beadle, Hutchinson an<l Kiccardo, while working on some 
tropical African lakes, have on tho other hand come to the conclusion 
that no thermal stratification lu^r any thennoclino could bo seen in the 
African lakes that tliey investigated. Further careful work is needed to 
establish the question of stratification in tropical waters. In this connec- 
tion it may be mentioned that S. V. Oanapati and myself observed a kind 
of stratification in tho Ketl Hills Lake which supplies water to the Madras 
town. This lake is a vtuy shallow one, its greatest <lepth being about 
25 feet. In the <Mirly morning, tho temporaturo of the water is uniform 
from top to bottom* As the day advances, tho upper layers become 
heated up and are slightly liigher in teniporaturo than tho lower ones 
and by about 2 i».m. a definite^ thermal stratification is established. But 
towards the tmd of tlu^ day, tho water in tho surfacio layers begin to cool 
and, becoming heavier than that of the lower layora, begins to sink down 
continuou.sly with tlu^ result that, owing to convection esurrents, a definito 
circulation starts and continut^s tliroughout tho night bringing about a 
complete mixing up of tho water. By about the early morning, owing 
to this circulation, tih(» water l)(HU)mes in()i*o or loss uniform in temporaturo 
in all its lay(^rs. The next day tho saimi process is repeated again. Thus 
every day tlie wat(^r shows a tiniform hsmporatim^ from top to bottom 
in tho early inorniugH. By about midday, a dt^linlti^ tliermal stratification 
is establisluxl. As tiie (evening approaches, tho strati float ion is gradually 
broken \ip and Ix^foro t-he lu^xt morning a complete unifonnity of temper- 
ature is established on<u> again. So there is soon hero a daily formation 
of a thermal Htrafafi(^ation in the course of tho day and a daily breaking 
down of this stratification during the night. This type of stratification 
may bo called a Mt^mporary tUurnal stratification’. There is thus a 
daily building of a thermal strat ificntiou ami a daily brc^alcing down of 
this Btratifi(uition, twHOciated with a <laily circulation whiesh brings about 
a complete mixing up of t-iio waters from top to bottom. Tho water of 
the surfaces lay(U’H, wiiich owing to the photo-syrith(»ti(! activity of tho algtn 
gets highly supi'r-Haf.uratcMl witli oxygon in tho daytimts, reaches the bottom 
evoiy clay and tho C’Oo produe.ed at tlu't boi.tom tlirouglx baoh^rial a(.‘.tivity 
is distributed to all the parts of lake an<l bcutomes available to tho 
assimilating plant organisms. 

Miss Mercia Janet and myself invt'stigatod tho wakirs of a small 
artificial tank in a ganhui hi Madras, The tank was hardly 2 fecst deep 
and we found tlie same sort of making and breaking of a thermal strati- 
fication, asHociated with a complete rotation iwf^ry day. 

How far this i.ype of stratiflcatiou is seon in various oth(u’ pieec^s of 
water in India will have to be further investigated. Wind of course helps 
a ip:*oat deal in l>ririging about a mixing up of tht^ waters in tho tropics as 
pomtod out by VV'hippUs Rut-f-ner, Worthington and otlu^rs. This was 
observed in tho Red Hills Lake also. On windy days tho temporary 
diurnal stratification was inv'ariaiily absent. 

The Ahjal Flam of temporary WaUra and their Fl\icce»ttion. 

There arc' two kinds of temporary waters, (1) rain water pools which 
dry up after a very short tinu', ami (2) small pools or ponds which dry 
up during tho hot seaHoii. The rain water pools dry up generally within 
a short time after tho stopping of tho rains. Those pools after a few 
days become very gnson owing to tho very large (quantity of algse which 
come up within a very short tiim.', causing a kind of water-bloom. Tho 
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algae that are geaerally found in these waters are mostly members of the 
Volvocacese and with a sprinkling of a few members of the Protoooocaceje. 
If the waters of these rain pools become contaminated by sewage water 
a large number of Euglenineae also come in. These rain waters are rather 
interesting. Owing to the frequent intennittent light showers, these 
pools become filled up with water for a few days and then get dried up 
during the succeeding rainless days and again become filled up with 
water and then again become dried up. In this manner these pools 
become filled up and dried up several times and every time they get filled 
up with water it is interesting to note that the same algie come up again 
and again, though towards the end the green algie yield place to the 
Eugleninese and also to some blue-green algse. It is rather interesting 
to note that blue -green algae play a very subordinate part in those rain 
water pools - 

As regards the deeper pools which retain the water for long periods 
and get dried up only during summer, they harbour a fairly rich algal- 
flora. If the water is not too much contamhxated with organic matter 
they show a rich growth of green algfo including plenty of desmids. If, 
on the other hand, the water is rich in organic rnattor or is contaminated 
with sewage matter, blue-green algae, Eugloninotn, and diatoms prepon- 
derate. These deeper pools show all kinds of variations from nearly 
pure waters, through varying grades of organic contatniuations to very 
badly polluted waters. A corresponding difference is seen in the nature 
of their algal flora. It would be very interesting to investigate these 
tropical pools in full detail and gather data regarding the correlation that 
exists between the nature of the water and the nature of the algal flora. 

The algal succession in’ these deeper pools is very characteristic. 
The pools get filled up to the brim and often overflow the banks during 
the rainy season. When the water level begins to go down, the first alg«d 
forms to appear in the water are mostly Volvocaceo). After a short 
time, other members of the Olilorophycese gradually come in. If the 
water should be fairly soft, desmids also become fairly noticeable. One 
marked feature is that during these early stages blue-green algm are absent. 
If the water should be polluted in any way with sewage matter, then a 
certain amount of Eugleninese come in. As the setison advances and the 
level of the water goes down a few bluo-groerx (dements come in and gradu^- 
ly increase in quantity as the temperature goes xip and the water gets more 
and more concentrated. Towards the beginning of summer most of lie 
pools become very nearly dry and by that time most of the ohlorophyoeje 
disappear, the chief forms in the pools biding blue-groon algso. EinaUy 
the pools dry up completely. This kind of auccessioii, vivs. groon algfis 
first and then as the season advances bluo-groon algte next, is seen not 
only in pools that dry up completely in summer but also in permanent 
pools which retain some water oven during summer. The same kind 
of succession is seen also in the larger pieces of water snob as irrigatioa 
tanks. Here also just before summer, the water is practically free from any 
green algse, most of the algso present being blue -greens and diatoms. Th& 
kind^ of succession has been very clearly described in detail by Eritsoh 
in his very interesting account of the algal flora of Ceylon, Whetlwr 
this kind of succession is duo to the increased temperature or light inten- 
sity or to the increased concentration of the water or to other causes will 
have to be very carefully investigated. There is also just the possibility 
of the increasing organic matter of the watior which acjoumulates through 
the continu()us death of the plant organisms as the season advances, having 
some effect in determining this succession. 

Another point in connection with these temporary pools which dry 
up completely in summer is that some of them harbour a rich desmid 
flora. Most of these desmids are able to form zygospores and are thus 
able to tide over the long dry period. This point is interesting, because 
there is a general belief among algologists that desmids cannot thrive in 
temporary waters, owing to the fact that they do not form usually zygo- 
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spores or I’esfcing spores of any kiiul quickly and so would bo killed if the 
water should got dry. This is true of temperate climates whore tho dosmids 
do not form zygospores quickly and wliero zygospores of several apocios 
are unknown. Jhit in tho case of tho South Indian forms, my oxporionce 
shows that a largo niunbor of deamids form zygospores very readily. In 
this coiinoction it would bo intorostiiig to j-)oint out that Miss Rich found 
that some of the temporary pools of South Africa which dry up in summer 
harbour a largo desinid population and that moat of those dosniidB form 
zygosporc^s very readily liko our (loBinida and tide over tho dry period 
and are thus wdl adapted to tho corwlitions of tlio drying t)(>ol8 of that 
country. 

Another \'ery intoreating phenomenon was observed by mo recently. 
In a rain water pool in tho ]Vla<lraH beacdi a sjxkuoh of CoHimirium <^amo 
up suddenly in largo niunbe^ra. Tho maximum depth of the water 
in the pool was only abo\it a foot and tho dosmids formed a gretm layer 
about [ inch thick at tho bottom. One could pratitioally scoop up the 
mass of dosmids in one’s hands. This green mass contained milHous 
of this dosmid and appoanxl liko a thick groon soup. Whon tho water 
in this pool began to go down, 1 watched the dosmids daily until tho water 
complotoly dried up. Whon all tho wator disappeared, tho dosmids 
wore still lying on tht' moist soil as a thick gmon gelatinous layer. An 
examination of a little of this material showtxl a few zygos])oros, but tho 
main mass consistixl only of vegetative individuals. As tho soil began 
to got drier and drier, the gfdatinouH mass also gradually dried up into a 
thin brownish lay(U’ and fiiuilly crumbkul into pieces and formed part of 
the soil. The desmid was wat<*h(xi jis tho gelatinous mass dritvl up gra<lu- 
ally. All tho individuals witli th<^ ex(‘optioti of a h'w which fonntui tho 
zygosport^s j^adually got shrivndkxl up and finally dried up in t»hoir vogo- 
tativo (jondition only. Borneo of tho soil containing tho driod \ip dosmids 
was ijnt into fresh water and k(»pt in tho laboratory. Tho shrivolkui tip 
dosmids bocaimt green aiul regaimxl their original shape, but did not 
thrive long in tlu^ laboratory (sulturos and died finally. The point to be 
noted is tho himporary revival of these dried up individiialH whon placed 
again in water. It would he inh^rosting to find out whether in nature 
they aro able to tide over th(i long dry period in thoir drifxl up vegetative 
condition. Tlu^ fact that some of tho individuals could revive after being 
dried up for a time is ratlun* interesting from tho point of view of thoir 
dispersal. Ac<?ordiug to th(^ ouiTcnt view dosmids aro unable to cross 
ocean barriers sinoci tiny will die very (piickly if they are driod up in 
their vogotai-ivo condition and also Ikmuiuso t<hoy form zygospores only 
rarely. Ikit if (kwinids (jould form zygospores' quito readily liko our 
forms, if th<^y could withstand a hnnpoiury drying up in tlwur vogotativo 
condition to a certain e.xt<uit, it is (piite possible for them to got dispersed 
by wading birds by Ixu’ug f.rauHp<>rt.(xl in th(^ mud sticking to th<dr foot, 
over long distanc-es and also across ocean barrit^ra which some of those 
birds arc abU^ io c-rosH. 

ricccH oj waivr with permanent water-bloorr^ caufted hy 
f^pecAvif of Microiu/Hiis, 

In South India a large number of tanks and pools, ospocially in 
towns, aro groon throughout the year. Thc^y may bo said to have per- 
manent vvator-b looms. 1’ho groon colouration is due usually to a Binglo 
alga, generally a specic^s of MicroojjHtiHj though froqiKintly the Microcystis 
may bo associattxl whh planktonic spoedes of OscMlaria and Arthfospiram 
These wtih^rs are slightly alkaline and are ric.h in organic matters and 
contain a largo amount, of chlorides. These tanks are utilized by people 
throughout the year for bathing purposes and tho water dotss not appoar 
to have any harmful <iffoot on the bathers, Many tanks connected with 
temples hav(j got this permanent water bloom. Tht^ algto of those tanks 
Boom to sulTiir, however, when tho rainy season <x)mes in and the sky remains 
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cloudy" for a long period. They then begin to die and float up in large 
quantities, emitting a nasty smell throughout the rainy season. Their 
death is evidently due to lack of sufficient sunlight, as it is continuously 
cloudy for a fairly long time during this season. The water of these 
tanks during the greater portion of the year, owing to the assimilation 
of the algae, is highly super-saturated with oxygon from top to bottom. 
It would be interesting to investigate these pools in detail especially in 
view of the fact that some of the blue -green algai have been reported by 
several authors to be very harmful to animals drinking the water. 

Paddy-Field Algoc, 

The rice plant in our country is cultivated in the same fields for 
generations. In spite of this the yield of paddy continues, tmdiminished 
from year to year. 

Every year a large quantity of nitrogen is ixjmoved from the soil in 
the shape of crops. A certain amount of nitrogen is put back into the 
soil in the shape of the crude manure that is applied by our agriculturists, 
but this is very small and is not sufficient to i-eplaco the larger amount of 
nitrogen taken out of the soil. It is also known that the nitrogen content 
of Indian soils is very poor in quantity, though i)hosphatos, potash, etc, 
are found in sufficient quantities to supply thorn over long periods. How 
in spite of all this every year the yield of paddy happens to be the same 
was not quite clear. During recent years, our biochemists (P. K. De, 
Sen, Viswanath and others) have boon tackling this problem and have 
come to certain very interesting conclusions. Plenty of alg$0 are found in 
the waters of paddy fields and these algos aro found associated with 
nitrogen-fixing oaoteria. Those investigators thinlc that the bacteria 
obtain some carbo-hydrates from the algoa and aro then able to fix up 
the atmospheric nitrogen. This according to them accounts for the 
continuous addition of nitrogen to tho paddy fields year after year. 

Another group of workers (Dhar, Tandoii and others) think that the 
paddy-field-soil itself is capable of fixing tho atmospheric nitrogen without 
the help of any bacterial activity. Tho soil is able to do this through 
photochemical reactions in tho prosonco of tho carbo-hydrates supplied 
by the algie. This view, however, is not very much uceopted by the 
majority of tho biochemists. In this coimoction it would bo interestiiig 
to point out that Allison and Morris claim that tho bluo-greon ato them- 
selves can fix up the atmospheric nitrogen without tho help of any baotcaria. 
How far this claim is jirstifiod will have to bo do(*idctl by further investiga- 
tion. Puro cultures of these bluo-groon algjo have boon grown by some 
workers and it has been pointed out by tliom that tho bluo-green alg» 
in the absence of the associated bacterium in \mablo to fix up the atmos- 
pheric nitrogen. 

Plenty of further research is therefore noodod to decide how far the 
algfio are really helpful in maintaining tho nitrogen supply of the paddy 
fields. 

Algoe of Estuarme Hegioris, 

The algal-flora of tho estuarine regions is very interesting. The 
water during the flood season is mainly pure water, but during the rest 
of the year, when the flow in tho river has stopped more or less, the water 
becomes gradually more and moro brackish. Somotimos, near tho mouth 
of the river, the water is nearly as conceiitratod as tho soa-wator itself. 
The algal flora, w-hen studied throughout tho year will show several 
interesting features. The algal flora of estuariii(^ re^gions aro studied^ in 
detail in western countries. G . Venkatraman arul myself aro now studying 
the diatom flora of the Cooum estuary at Madras during tho sevorw 
seasons. During the monsoon period whon tho water is practically pure 
the estuarine region contains only tho puro water spocios. On tho other 
hand, when tho water is very brackish, quite a niunbor of marine foTXOB 
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come ill and all tho fresh water forms which were present previously die 
out. Some fomis, however, are present more or loss throughout tho year 
under varying conditions of salinity. These forms are presumably those 
which can necoininodato thonisolvos to tho increasing or docroasing salinity 
of the water. 

We have plenty of estuai'ino regions in India. A study of tho algal 
flora during th(^ difibi*eut parts of tho year and tho rangti of the different 
forms within tho estuarine region and also higher up tho river will throw 
much light on tho cax:)acity of tho several organisms to adopt thernaolvos 
to the varying conditions of salinity. It would bo interesting to have 
exact data regarding th<i algal flora of our estuarine regions. 

Ahjeo in relation to aquatic aniniaU. 

These can bo chissifiod under two important divisions: viz. (1) Algoo 
which are epizoic and are living on aqtiatic animals, and (2) Algte as 
which form the food of animals. Quite a nianb<u* of algie living on the 
surface of the acpiath*- animals, for instance, some species of Oladcphom 
arc found growing on tho shells of vvatt'r snails, and some spetiies of 
Chamciutn on soim^ ci’ustatteans and somt» on Anopholone larvai. Those 
alga? by growing on moving animals ai*o able to tap a larger supply of 
dissolved gases and salts through the inovemeuta of tlieir animal host iti 
the water. It would bo interonting to note all such algal organisms that 
lead an epizoic lif(>. 

Coming to alga? tis food of animals, it may bt) montiomul that alga^ 
fomi the f<)<.»d of minute animalcules in the wat(U’ and tlioB(^ tiny animals 
in their turn form tlu^ food of larger animals and those again of still larg(»r 
animals and so on, unt il nnally of the larger animals like iishos. Tims thit 
fishes in the water i*eally dopoud in a way though iiidiroobly upon tho algal 
population in the wat.(‘r for their food supply. It would bt^ inhu’csting to. 
find out the natun< of ih(»HO ‘food (diairis’ i.o. from tlu^ algin to tlio largost. 
animals in tlio sc^vcu’al pie<,H)H f>f w{»*tor in our country. In piHi(Hiltnro,, 
this question is coming up largc^Iy to the front atid invostigatious of such 
food chains in our water’s will help materially in tho (lovelopmont of 
pisieultnn? in tho count ry. 

.^>1 l(j(n and M onquito larvai, 

Algio art) largely ustul as food by the larvae of mosquitoes. Sevoral 
workoi-s liave tackled l.his (luostion. Rudolfs, barbar, Buxton anti 
Hawkins, Senior Whitio, Lambom, Jfamlyn and Karris, J^oyd and Foot, 
Howland, M. 0. T. Iyengar and others. Two views are at t>rasoat ouiTorit 
rogarding this question, ^ One view is that iht) mostjuito larvie aro spoeiilt^ 
in their foot I relations, i.o. that a particular species of mosquito larva 
dopends for its food on a f)articular algal npocioH and that in tho absence 
of tho alga or alg«) in tpiostion tho larva is unable to live. If this should 
prove to be tho case, then it would bo possible to control any partitjular 
mosquito hy controlling tho growth of tho corresponding alga. The 
people holding the other view maintain that tho mosquito will oat anything 
which coincH in its way and that it is not s|>ocinc in its food relatioiiH, and 
that, in the absonco of the algie, it will eat any other available food, A.n<i 
even, if a mosquito should dejumd onalgjo it is not partial to any particular 
spocios or genus. Any alga is woleoino and will form its food. So tho 
two views summed tip come to this: (I) that a positive correlation exists 
botwoim the (listrihution of the mosciuito larvae and the distribution of 
tho algai forming their food, and (2) that there is no cori’elation betwoen 
the distribution of tho larvic and tho <listributioii of the algat; if tho algie 
are proeont tluw) are oaten hy tho larva). At present there appears to be 
more support; for the second view. In India, the observations of f?etiic)r 
White on tlio feeding habits of the mosquito larvue are more in favour of 
tho latter view. In one cose, however, a definite positive oorrolation lias 
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been shown to exist between Glost&rium and Anopheles punctipennis, by 
Boyd and Foot. And a negative correlation was observed by them 
between Anophelene larvre and Unicellular Cyaiiophycerp. Another case 
of definite positive correlation has been rocorded by M. O. T. Iyengar in 
Travancore. The larvce of a species of Mansonioidcs live in pools in 
which Fiatia atratiotes is growing in plenty. The larvas unlike other 
mosquito larvaj, do not come up to the surface to breathe, but dig their 
caudal portions into the roots of Pistiia insido tho water and get the 
necessary air from the intercellular air spaces found in the root of the 
Fiatia and continue to live in that fixed condition. Those pools, owing 
to the large amount of organic matter in them, support a rich diatom 
flora, and the mosquito larvm live on those diatoms. An examination of 
the stomach contents of the larv® shows a largo mimbor of diatonis in them. 
If the water in these pools is very pure and consoquontly poor in diatoms, 
then the larvse are absent in the water. 

2. Prof. F. E. Fbitsoh, London. 

Algal prohlema peculiar to the tropica, 

I have listened with groat interest to tho very able opening remarks 
of Prof. Iyengar and have been especially ploased to find that ho has put 
the ecological point of view in tho forefront of Ids considtiirations. There 
is no doubt that tho study of the ecology of fre^shwattu* algm is of con- 
siderable economic importance, and bocaiiso this lias boon I'cctognizod in 
England we founded some ten years ago the Fn^shwator Biological 
Association for the study of tho biology of freshwater plants and animals. 
This association has a laboratory on Lake Windtirmew in th(j north of 
England where many diverse problems of freshwafior biology are being 
investigated. We have called our Association the Freshwater Biological 
Association of the British Empire, because we felt that many of our 
problems wiU find a parallel in other part.s of tho Km|>iro and wo should 
welcome the co-operation of Indian algologists in solving some of our 
problems. I have com© bore to learn from my Indian colleagues and do 
not want to say very much. 

It is difficult to disciiss all tho numerous topics raised by Prof. 
Iyengar. A study of the algal flora of rico-iields seems to ine most 
important. Here you have a unique artificial, but v^’cry ancient, type 
of habitat which has no direct parallel in toinporafio regions. What w© 
want to know is how far there is a unifonn type of algal flora (not 
necessarily extending to detailed specific constitution) in th(j rice-fields 
and how far it shows a uniform periodicity. To solve that, team-work on 
the part of investigators all over India is necessary, fc^uch knowledge 
will help markedly towards the solution of tho problem of nitrogen- 
fixation in rioo-flelds, which are still very unclear. 

Prof. Iyengar referred to the characteristic fcaturc^s of tropical lakes 
and to tho work of the Gorman Sunda-oxpoditiou. This work has disclosed 
marked differences in thermal relations, oxygim -distribution, etc., in 
tropical and temperate waters and more particularly in those of the 
oilgotrophic type. In India, with its wide range of climatic oonditiona, 
these different types could bo studied in detail and their exact relation to 
one another established, Tho small pools do not stxun to mo to be of tho 
same degree of interest from the ecological point of view. As regards 
rivers I should like to see other parts than the estuaries investigated, an 
we know very little of the algal growth, apart from plantation, in tropical 
rivers. 

Reference has been made to the abumlant occurrence of water- 
flowers, usually due to Microcyatia a&rwjinosa, in many of tho small and 
shallow waters of South India. Organisnos of this and similar types often 
cause analogous water-fiowors in European waters, but this occurrence is 
not so regular and wide-spread. For many of thorn no means of per- 
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sistenco from oao period of occxirroueo to the next is known, and yet 
dxiring tho period of ‘absence’ tho poraistiug stages may perhaps be most 
vulnerable and most easily (diininatod. Indian algologists can most 
readily study tliis (luostioii. At (Iiis point I may refer to the fact that 
for the majority of tlio Bluo-greon Algje very little is known of tho life- 
cycle, in particular of the numerous forms that occur in subterial habitats 
in the tropics. 

Prof. Iyengar also referred to the problem of the relation botwoon 
mosquito -larvje and the algie of the wat(»rs in wliich thoy occur. I have 
seen collections of algie from mosquito -infected waters from diverse parts 
of the earth ; the algal flora is very varied and I know of no definitely 
established relation (>xcopt that roeordetl by Dr. M. O. T. Iyengar. 

3. Dr. H. CirAiToriURi, Lahore. 

It is doubtful if the algaj themsolv'es fix any nitrogen. Tho author 
has examiiKHl algje, wat(U' and soil from tho water-logged rice-fields of 
Bengal. >le isolated the algie from tho water-aami)les and also the soil, 
•pie alga^ wore mostly l)lue-groen and some green. Algi© with inucotis 
coat had always ba<d.(u-ia in the sheaths. The difforout bacteria were 
isolated, and grown in culture for dettwminiiig the power of nitrogen 
fixation. Some fixed nitrogen vary quii^kly, offhei*s slowly. These l)acteria 
were also isolati'd from tho soil. Th<^ vi^ry ra])id nitrogen fixation in rico- 
fields with algie is due to thorns haideria. In th(>i ordinary soil, thix fixation 
by these organisms is very slow, bc>eauBe they (‘aimot multiply so quicskly 
as when in the field the alga< are multiplying and diHintograting. ni’hoHO 
disintegrating algie act as (uilturo media when tho uitrogiui fixing organisms 
multiply very (ptickly. 

Growth of algie is doh^rmined to a very largo extent by tho salts 
present in the mcMlium and in the fiidds. they act as indicators. In the 
Punjab, in many (umul-irrigatiHl areas. thi» wator-tablo has boon coming up 
and we find salts bfung iloposited on the aurfaiso. When these salts am 
deposited, tlie normal algie of the soil <iisappear altogether. Duo to 
further siltage froiu the canals, these areas grailually become submerged 
in water for a few inch(W t-o a couple of feet or more. In this condition, 
I have noticed milt*s and miles of sul,)im^rgod lauds, in which only 
Hydrodiettjon and a few oth<M’ algtc could grow. I have also followed 
tho reclamation of these water- logginl laiuls in the Punjab by treatment 
with gypsum, and gradually thii return of tho normal type^ of algie* Algm 
as iudicat.oi’H offer a ^<^^t^ilo and useful field of roBoarch. 

4. S. L, GiiosK, Lahon*. 

(i) In the Salt laike at Samhhar. Hajputana algie forin a post and 
affect tho quality of salt produi^ed, and th(»re is a tromondous loss of 
revenue to th(^ (JovornuKuit. ^I’he algie of tlio Lake should he studied 
and measures for thiur eradication should bo investigated. 

(ii) Tho morphological and physiological nature of the hetm’ocysts 
of thi' MyxophijiUHv. It has boon obsi^rvisd that the eontojits of tho 
hotoroeysf-H in iiropics are more abundaut and more marked in tropical 
than in temperate counf-rieH. 

(iii) Algie tain be iistMl as indicattirs of tho quality of soil, such as 
alkaline laud that is being rt'tdaiimHi by chemical mtMins. 

(iv) Tho quosfuon of river pollution by algie is not so important in 
India as in England, as tnost of th(x rivt^rs artx largt^r and swifter. More- 
over, the population rtiuiid them is not so thick, 

5. PROB’. S. P. AoirARKAK, Uiiloutta. 

I wish to have some iufori nation aboxit the method by which tho 
penetration of light into the watt^rs of Indian lakes was inoaBuit)d. I further 
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wish to draw attention to the necessity of a study of the algai of salt lakes 
of India. As regards the stage in which many of the algoc tido over the 
unfavourable season and why they are found at particular seasons only, 
there is very little information. This is the case with other organisms, 
including some animals, and it is desirable to investigate Ihis. 


6. Dk. B. P. Pal, New Delhi. 

Dr. B. P. Pal gave a brief account of some experiments ho liad carried 
out in Burma to investigate whether charophytes exorciisod a larvicidal 
influence upon mosquito larvje. In these oxporimonts plants of species 
of Chara and Nitella were grown in jars and known niiinbors of mosquito 
larvae were introduced into some of the jars. The larvtn flourished in these 
jars just as well as in the control jars (i.e. jars in which no charophytes 
were growing). The results indicated that the spoedes of cjharophytos 
experimented with had no larvicidal effect upon mosquito larvae. In 
the course of the experiments it was discoveroil that the (diarophytes 
sometimes harboured the larvae of a species belonging to the odoimtat 
which preyed upon mosquito larvae. 


7. PnoF. Y. Bhahadwaja, Benares. 

Almost all the previous speakers Inivo laid streBs on the so-called 
economic aspect of the study of algic on which pratd/ically no work has 
yet been done in India, and none has pointed out our dillicultios in the 
morphological and taxonomic studies of these plants. While I strongly 
support that work on hydrohiology, limnology, piscdcultruro, etc, should 
be undertaken more or less on the same linos as ffjllowod in some of the 
foreign countries, I urge that the morphological study of those plants 
should not be neglected. We have not yet doiio nuuth work on algology 
in India, and we must first know what kind of algio grow in thi« eoun^. 
The noed for working out the algal flora of India is thorofom imperative. 
This is a work of fundamental importance. 

In order to know the species growing in this country wo have at 
present to consult books on floras written by forc^ign authors. The 
descriptions of most of the tropical algm given in tlioso books are based 
on the study of preserved materials and they cannot therefore be con- 
sidered entirely reliable. Algoo grow most abundantly in th(^ tropical 
countries, and a sub -contintmt like India, with its varied (dimat ic conditions 
and habitats, is the most suitable place for ihe study of thew' plants. My 
personal experience shows that in many Hj)eci(^H, oven genera mer^ 
into one another through intermediate forms, and it is v<^ry likely that 
these are merely habitat-forms rather than Hcqiaratict plantw. Such oases 
have been met with more abundantly in th<^ Myji)ophycvn\ to th(^ study of 
which I have devoted special attention, although tlu^y art^ not uticommon 
in the chlorophycouQ, such as Ulotn<duil(^H, the Ohad.opht>rtik^» and the 
Siphonales. I therefore strongly advoeat-o a (MuisiKtont study of the 
tropical algas in the living coiulition from an ocol()gi(uil i>oiut of* vk'W to 
enable us to know their behaviour under difft^nuit (diinatk^ and odaphic 
circumstances, I am sure such a study will bring out B(^v'(U’al interesting 
data which will nullify several genera and npcMut'S t-hat art' at present 
recorded in books on algal floras writhm by t-host^ authors who hod no 
opportunities of studying tho algm of the tropics in hUu. In t his respect 
the Indian algologists are in a position to contribute mnt.tu'ially to the 
knowledge of these jilaiifcH. 

8. Mr. Bf. Senior White, Calcutta, 

Though medicine has long rocognizcid t.hat it is ('ssoutial to enlist 
the assistance of tho entomologist in the solution of tVu' problem of the 
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control of several insect -borne diseases, medicine has so far enlisted the 
assistance of the botanist only in tho case of tho disease trypanosomiasis. 
But with tho entomologist, it is becoming very necessary that medicine 
should call on the algologist for help in the control of one, rather tho 
principal, inseet-bomo disease of this country — ^malaria. 

Malaria in the tropics will newer bo widely and generally controlled 
by the application of chemicals, for reasons of cost, and relief to the 
thousands of malaria -stricken villages in this and other tropical countries 
can only bo looked for by the discovery and application of naturalistic 
methods of control, such as, from time to time, one sees nature herself 
apply to chock the breeding of some malaria-carrying Anopheleno. We 
are just beginning to make use of ono or two of these naturalistic methods. 
The success of llamsay’s shade -mothods in Assam, and of Williamson’s 
herbage -packing method in my hand are cases in point. But wo aro 
quite ignorant of how such work. What change is caused in the water 
by densely shading it ? Do wo alter the flora on which the Anopliolene 
feeds? Herbage-packing appears to act by de-oxy^nating water, 
replacing algas by fungi, but we lack any detailed chemical or botanical 
studies on the waters. 

Taking sc^riatim tho typos of habitat discussed by Prof. Iyengar: 

Rain pools, — I must disagree with Prof. Fritscli regarding their being 
of academic interest only. As a causes of malaria they are very important, 
in the North Centre of tho country particularly. At times they produce 
the dangerous mliciffwies^ at others tho harmless subpiclus only, tho reason 
appearing to be tho amount of oxygenation, according to steady or to 
breaks in the rains. This la<jk of oxygon is not a direct effect on the larva, 
an air-breather. It is probably through tho algal flora, an unstudied 
subject. I have published the algal study of an artificial rain pool, but 
that was only tho start of such an investigation. 

Rice Fields, — As Watson has said, food is even more essential than 
health, and thc'refore thotigh rice-growing causes an enormous amount of 
malaria, it must (H>utiuuo, But all riee-flolds are not malarigonous. 
Going from Oalc\itta to Madras they are so up to about the Orissa frontier, 
but not southward. Casual observation would suggest that this has 
something to do with tho proaenco or absence of floating algal clumps 
(Chlorophyc(ue), which aro cspecnally siiited to An. annularis, tho principal 
vector of tho region. This algal growth seems loss common in N. Madras. 
I would add my pl(m for tho adopti<ni of Prof. Fritseh’s Buggestion of 
detailed huim-ntudy of tho algal lloni of rice-fiolds. 

JUstiiarinc areas.-- H('ro again 1 must join issue with Dr. Fritseh. 

The prohloms they |)P('S(«it are not purely acadomie. They arc highly 
importaJifc owing tl) the fa(*t t-hat they aro tho bretuling ground of a special 
Anopheleno, siwdaieus, that has <;auHO(l (mormons ftiifferiug in (foltaio 
Ikmgal, and is now a new-c<>m(»r, (causing havoc on tho Chilka Lake, 
Tho probbm of this Anoplnfleno is very olosoly bound up with algal 
factors. It is probably a diatom feeder- —diatoms turn tho steins of the 
Poiarnogeton thick<itH brown -but it is to tho plaques of dmd Potamogeton 
bound 'tog<^th(a* by Lynghya that tho mosquito owes its prevalanco and 
security from its eiumiie's, Ush, (d.(^, living in tho narrow craek-liko water- 
space botw(H)n t.h(» plaqnes. If the algtflogist will toll mo how to control 
tho Lynghya, .1. will contirol the epidemic. 

I oiK^e belonged to the sidiool that thought mosquito lamo solootivo 
iu their f(?o(ling, but I do not now do so, though there well may bo some 
algiD mon^ mit.ritious than others, thus a(H!ounting for larval prevalence. 
But freshwater alga^ have yet to he analyzed for food values, as have some 
marine oiu^s. But then^ in, one ,moH(iuito, (Udex hitcaniorhyncihus, that is 
entirely sp('(nalized, as its ventral plate shows, for feeding on one gonus 
of algal, Hpirogyra. Williamson has recently shown that this mosqaito, 
unique among the CJuli<unes, is a v(vd.or of human malaria. Probably 
only acadeinicrally so, but if there V)c found anywhe^re a place whore this 
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mosquito is of any importance in malaria causation, thou control of this 
malaria will be a matter of control of Spirogyra, 


9. Mr. M. O, T. Iybnoar, Calcutta. 

Prof. Iyengar referred to the daily turn ox'or of water in tropical 
ponds. I happened to make some observationH, while studying the 
dissolved oxygen content of pond water, which appear to support his 
views, I observed that there is a diurnal variation in the oxygon content 
of surface water in ponds, which was highest at abotit ;i o’clock in the 
afternoon, and reached its lowest level in the morning at about 5 a.m. 
The rise in the dissolved oxygen content was associated with the solar 
radiation and the photosynthetic activity of the algal plankton. In the 
afternoon when the surface water (V to below the surface) showed a 
high dissolved oxygen content, the water at the bt>ttoin of the pond 
showed a low oxygen content. The surface water being warmer at the 
time, remained at the surface. The lowering of the atmospheric tempera- 
ture after nightfall and the cooling of the surfiwu’t water caus<Hl a circulation 
which resulted in the equalizing of the dissoK'ed oxygon contents of 
surface water and deep water. From midnight till morning there was 
no difference in the dissolved oxygen ('outents of the siirfacts water and 
deep water. 

Prof. Iyengar referred to the work of Cabolloi'o and others on the 
inhibitory action of Chara on mosquito breeding. I must say that the 
observations of Cabellero have not been confirmed by several of the later 
workers, and at present there is no evidonoo to show that CVmm has any 
inhibitory action on mosquito breeding. Species of ('hum with which I 
worked do not seem to have any harmfxil effocit on mosquito bree^ng 
either in the laboratory or under natural (jonditions. I have in some 
oases seen numerous Anopheles larvtc thriving on the top of sub-aquatio 
brushes of Chara. 

There are, however, a few algjo which appcuir to have some inhibitory 
infiuence. The presence of Microcystis aeraginosa in water appears to 
inhibit the development of most species of Anopheles with the oxceptioft 
of A. suhpiefus and A. vagus. I have also obsorvod that ponds with a 
dense surface growth of EugLena arc generally fre(^ from A nopheles larvae. 

There is another aspect of the infiiujuco of algal flora on mosquito 
breeding bn which I have a fow obsorvations to iiiak(\ So\'oral species of 
mosquitoes of the genus Anopheles have HpcK^alizi^d bnx^ding habitats, 
some breeding in running water, some in seo|)ag<'H, sotne in brac^kish water, 
and others in fresh stagnant water. In many of tlniso <iaHt^s th(^ selective 
habitat would appear to dopond to a largo (extent. t>n thc^ availability of 
certain types of algal flora. 

I give bol(iw two typical examples of fclu^ relation of algal flora to 
mosquito fauna. 

In the foot-hill zone in Bengal the running stn'ams an' the important 
breeding places of Anopheles. Whore these strt'ams an* (a>vored with 
dense forest, the species of Anopheles £o\xnd to brc'c'd are mainly .'1. uitkeni 
and A. harbirostrisy species which arc not corKuu’ned with tlu' triuismission 
of malarial infection. When such a stream is ('Xf>()S(Ml to light, as for 
example, when the forest is cut down, the ebaraet('r <d' A nophektt 
fauna is entirely changed. Anopheles aitkvni diHappcnirs completely and 
such species like A.minimuSy A. maeukitus and others known to transmit 
malarial infection breed in largo numbers. 'Phe (^xpos\u*e of the stream 
to light causes a change in tho algal flora, whi<di inhibits th<' breeding of 
the harmless forest species and favours a heavy inei(l<'n<H' of the malaria 
transmitting species. This change can bo deinonstrate'd by following a 
stream emerging from a dense forest into th(^ open an^a. The differences 
between the shaded stream and the exposed stroam as regards the algal 
flora and the anopheline fauna are indeed \Tery striking. 
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This pheiioinonoii has boen utilized iu malaria (iontrol work by 
preserving forests in the vicinity of streams and, where this is not feasible, 
by growing Duranta brash(>is on the sides of small streams to produce an 
artificial shade. 

The second example relates to a mostpiito known as ManHonioiths^ 
an important carrier of filarial infection in India. Unlike m6st mosquito 
larvre wliieh come up to the surface of water for breathing, the larvoi of 
Mamonioides has the interesting habit of instating its breatlung appai*atiis 
into the root oi IHatia Hratfotes and obtaining its stipply of oxygen from 
the largo air cavities in the cortical region of the root. Ponds covortal 
with Pistia are generally ]>oor in green algal planktoti, hikI suerh green 
algfle as may occur are not available to the Mamon ioidv.ti larvio which 
leads a sedentary life atta(‘hecl to the roots shaded by tlie hjaves of Pa^t ia 
and an inch or two below the water surface. The food of th(^ JV '/ ansonioUI cs 
larval consists almost entirely of diato'ms. 

The oc.(‘aiTcnc 0 of a rich diatom flora in ponds is closely related to tlio 
presence of some organic tioiitamination, a common source being the 
decaying coconut husk steeped in ponds for the manufacture ot coir. 
If such organic ('ontainination is absent, the diatom flora is poor and 
Manaonioides fails to brood, although the other necessary factor, naincdy 
Piatia, is present, Thero is liere a close relation betwcnui the prcHonco of 
diatoms and the lireeding < )f Mamomoidea. The bree< ling of Mamonioid es 
can bo controlled by rodinung the incidonco of diatoms through eliminating 
the source of organic contamination. 

Certain methods of mf>s(puto control through altering the character 
of the water, as for example the herbage packing iiu^thod, appcHir to be 
effective through the changes brought about in the algal flora of the 
water. 

As a worker interested in problems eonneett'd with the ecology of 
mosquitoes, 1 cannot stress too strongly on the inqiortanco of studios on 
algal flora in relation to itiosquito brooding. 

10. Dll. K. R, HirAKUeiJA, Bombay, 

The proHOut <liR(MiSHion has brought out very (dearly tliei importanc^o 
of the inter- roIatlonshi}iH of dilTerent brunches of scionce for in the present 
discussion it is net only pure algologists who have taken x>art l)ut dootorti, 
entomologists, (rlunnists, publi<^ health oHUuws and (>icologiHts. This 
intorpemloruu^ of the Hubj(«d. is not realiztnl in our nuulical rescnindi 
institutes lik<» the Malarial purvey oflndia andHaffkine Institute, Btjmbay 
with the result that there arc^ no posts of botanists in theses instiiiitoH. 
Within the last one year sciveral inquirit^s have (^ome to m(» from sucdi 
medical institutes for tlm idtuitification of algic and diatoins (jontanunating 
various typers of wat.('rs. Industrial (joinwris and public lumltli olTi(^(u*s 
send their samph's of (‘ontaminaltod water to such medical instituites and 
invariably du<^ to an abs<ui<*e of a botanist on the staff, tluw^ impuries 
do not elucidati^ any point. If a botanist is on the staff, he would (lo 
very useful work by analyzing the w'ater samiiles from tlu' point- of viiw 
of an algologist ami suggest means and nuMisun’is to gtd. thl of algal c.on- 
tamination or study theses waters and mak<^ diMiiik^l (K^ologuml invt^stiga- 
tions with a vitnv U) find really profit-ahk^ Holutions for th(^ prev(^ntion (>f 
infliction by nlgie and diatoins. Thus and thus alonrv (uin th(i public 
Imalth dti])artm(nit.H Ix'coiue really uH(’iful to the publics. Tins point of the 
appoiutrnimt of a bot-anist t-o tiui staff of a meduuil institute was also 
emphasized by l>r. Senior \Vhit(', Malariologist to tlm jkuigal Naginir 
Railway who took part in t he discussion. 

11, Du. (iiiiijMiiT Kownioit, Madras. 

Dr. Gilbfirt Kowbu* (Madras) nunarked on the importance of th<^ 
study of Indian laluw tis sourct*s of water supf>ly. In the past attention 
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had been confined to bacteriological pollution of water and the effect of 
storage on the viability of pathogenic organisms. Dr. Fowler had long 
urged the importance of limnological investigations, especially in relation 
to the water supplies of Bombay and Madras. The work of Prof. Iyengar 
and his colleague interested him greatly. From the economic point of 
view it was •disappointing to hear that the problem of control of algal 
growth could not yet be considered to have reachod a practical solution. 
The effect of the products of algal growth on th(^ metal corrosive pro- 
perties of the water was not properly understood. Ho would ask the 
investigators to study particularly the offoct on algal growth of flow 
through closed conduits. In regard to effect of rate of flow of water on 
algal growth he would like to know what the (iritical rate of flow should 
be if danger of malaria was to bo avoided. Ho must differ from the 
Chairman in his belief that the condition of Indian and European rivers 
was similar. It might shortly bo said that in Europe there were lao^e 
populations on small rivers, in India there worn sjnall populations on 
large rivers. 


12, Dr. K. P. Biswas, Sibpur. 

We are discussing a very vast subject on whi(di very few of us have 
any comprehensive idea. I mean the diHcnissiou on ‘Algid problems of 
the tropical countries of the globe’. Prof. Fritsch in the only authority 
here who can give us some idea from his early works on Ceylon and African 
algce. But to tackle the various problems mi^ans continued study of aljg© 
in different seasons in the field and in the laborattjry, although, I admit 
there is some general similarity in the algal flora of the tropics as a whole* 

It is better that wo confine ourselves to the probloms poouHar to 
India alone, Even then the study of the algal problems of such a largo 
country as India with her diversity of climate is fairly a vast ono, Agam 
there are various aspects of the study of algie. We have not yet taken 
even a census of the inland species boloiiging to tho dilforont classes of 
algfie occurring in all the provinces of India nor of all tho sea wee^ 
growing on the Indian coast. Some good wi>rk has bwjn done in our countxy, 
but it is still very far from being complete. Tho Hystoniatic study of algse 
which forms tho bacjkgrountl of all subHCipunit invoMtigationn is thus even 
now left far behind. 

Tho study of algal ecology, both a\ito-o< oology as well an syn-ooology, 
has also not 'been much attempted here. I’his is one of tht^ most import- 
ant subjects of study and has some Ixuiring on <x*<>nomic. aspects too. 
For example, wo have — especially in B<jugal and Madras — extensive rice- 
swamps. A systematic study of the algal oc^ology of these ricc-swamps 
is of oonsiderablo importanc^o to tho growth of tho ritso crop. The amount 
of nitrogen fixation by tlu^Ho algm is now being in\'OHtigat(«l by Mr. Dey 
in Prof. Fritsch’s laboratory in London. The of his studios 'vml 

throw much light on this complicated (piestion. Prof. Fritsch would 
further enlighten you on this subject. But, hefl >re taking up any detailed 
investigation in this direction, wo must first t)f all kiiow which diforent 
species of algne grow in the rice-fields, in which area of tho <x>untry, in 
what proportions and under what edaphii* and <‘Hniatic conditions. Th© 
capacity of each of these species to lix nitrogen will timn disclose tb© 
usefulness or othorwiso of the algie growing in a jiarticular ri(‘o-fiold. It 
has been found by Mr. Gardner of tho Biology i)ei>artnumt of Metropolitan 
Board, London, that tho prosenco of certain inenilxurs of the phytoplankton 
indicate an excess of certain mineral salts in tht» water in which they 
grow. Such discoveries are likely ti) improves tho cultivation of rice in 
this country. 

Tho importanco of algal study in (sonmxd.ion with tho flltcr-heds of 
freshwater rosorvoirs has boon einphaHi/txl by me in some of my publico* 
tions both scientific and popular. 
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The importance of the study of freshwater algsc of tanks, jhils and 
lakes, particularly in a iish-oating country like Bengal, cannot be o\'er 
estimated. Of equal importance is the study of the alga^ of brackish 
waters lilce that of the Chilka lake, the Calcutta Salt Lakes, the numerous 
creeks <jf Sundarbims and the oxtensivo open water areas of Bombay 
along the soa-face which are tlie depository of many kinds of dolicious 
fishes. 

Those are only a few of the problems and I liave solected those as 
they have an a])plied side. The present (piestion, as you are all aware of, 
is what is the use of this algal study ? 

Wo have plenty of material for pun' study. For example, the whole 
of the Himalayan area is almost untouched. The rcKJont collections of algai 
made by me and others in th<' area show that there is no dearth of algfic 
even at a height of nearly 20,000 ft. The study of the oc'.curroiu^o of alga^ 
at the diftenuit altitudes would 1)0 very interesting indeed. Then thewe 
are numerous hot springs even at a height of 17,1)00 ft. in Sikkim and 
in Garwahl Himalayas. It in worth studying the algal species growing 
around the hot springs in the hills and in tlu» plains. We find also 
numorouH ephemeral, annual, biennial and pc^rermial Hpe(‘ios of alga> 
confined to th(» deeper deprossions of the half dritul river-beds in various 
parts of Northern India. They harbour cpiite a large stock of iutore^Hting 
algdc. 

The study oftla^ distribution of all the different typos of <»von kouk^ 
of the common associations of alga* is also very faB(*iiiating, 

The ])hysiologistH ami cytologists have yet to find out as result of their 
study, many important facts in the life-history of the various groups of 
Indian algje. 

To tackle all tluwe j^robUnns r(H|uir(^s men and moiioy. We are 
certainly in want of the money if not in men. But, as regards .Bengal and 
Madras, the study of the algie of the rice-fields and the study of froshwatoj*^ 
algie of tanks and lUtor-lxHls are impe^rativ’o. The lmi>orial (lounoil of 
Agricultural lloscuin^h, liberal as they an^ in encouraging every genuine 
attempt towards impro\'ing the <Tops, may bo approached to provide 
funds for sut^h a ustdid study. At least two or thnwi research scholars can 
easily be jjrovidtKl. Those scholars will work und(»r the direction of an 
export algologist. We shall themfom by such means luive in the near 
future a band of traint*<l alg<»logistH who, prompted by tlio inten^st of 
their study, will, I am sun*, make algology a life-long study and wotdd 
thus advaiu^e our knowi(xlg(* of Indiati alga*. 

in. Prof. F. F, FniTHcur, boudon. 

( JomluditKj licmark'H. 

As 1 said at the otitaot 1 have come hen» as a loariuw and X have 
ituUHHl leand. much in this morning’s iutenisllng disiMiHsiou. 1 have Ih^oii 
j)articidarly iut(*r(*stod in the many contributions relating to the possiblo 
relation of algal growth and the ocenrnmee of mostiuito-larvie and it is 
quite oviilout lu*r<' that co-ots^ration hetwiuui the botanist and Koologist 
is desirable. Tho c.ontrol of algal growth, whetlua* iu Hindi waters or in 
water reservoirs, for instanct^, is howevm* a matku* requiring much further 
invc-'stigation. Vi^ry sliglit cliaiig(^s in the amounts of miiu'ral salts or in 
tho hydrog(ai-ion-c.oncouf ral ion of tlu^ water may prodiu^e very marked 
changes iu tih(» algal growth presiait, and we are at [inwnit only at th<^ 
tliroshold of uu<l<a’st.an<liiig siudi changt^s. It si'i'ins pnibable that the 
control of algal growth will have to Ix^ at tacked on a bi(ilogicaI basis and 
that undue growth of algie will b(*st be ch<«hed by associatimi with an 
appro])riati^ fauna. 

Sonx^ of my nmiarks wm-e perhaps a litth^ inisinterprotod. 1 did not 
wish to suggest tliat the morphologi<*al study of the algai bo neglected, 
but that UKU’O doseription of new speciiw, until siudi species wore known 
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to bo of ecological value, wan wcarcoly the best way of utili»iug tho abundant 
energy of tho nuiue^rouH workore on Indian freHhwatc'ir algte. How great 
a contribution Indian algologistw can make to our knowledge of algal 
morphology ie abundantly iUuHtrat(ul by ly(mgar‘'H work on Tetrofiporidimit 
Bcballocystin. CharaciompJwn, etc. luid ,nivaradwaja’« contribution on 
the morphology of tho bluo-groen algio. 


XXX. DISCREI’ANCTIEH BETWEEN THE CHRONOLO- 
GICAL l^EWITMONY OP FOS81L PLANTS AND 
ANIMALS. 

{^^eclions of Geology and Bofany.) 

Dr. A. L* du Toit pr<^Hided, and ProfcHHor B, Sahni, proaident of the 
botany S<ii(‘tion, oprmod tho dirtcuHHion. 

1. PnoF, B, IriAHNi, Lucknow. 

DtHcrepanckH between the chrotiologieal trsHniont/ of fossil 
plants and animals. 

Tho quoBti(ju of a powHiblo conflict betwcM'ii the tn'idenco of plant 
and animal reiniiina in fixing the agt^H of atrata in not a new one, nor is 
it confined to the field of Indian geology. Likt' other niany-Huied problems 
it suffers from t-hc^ inherent dinieulty that tlu’* Hpeciaimt ban ruredy, if ever, 
a hill approcuition of ovidoin'o lying outmdo hiH t)wu ludd. 

Perhaps wo aliall never know how far otxr dwagrtHunentw may be due 
to this factor. IJut tlui j)reH(uiit o<M*aHion mMuned to offer a unique oppor- 
tunity for dis(niHHing our problem on broad lines, beeause we had looked 
forwanl to see h<.n*e an iuU'rnatioual gath(u’ing of HpcHdulisiB j?opreaenting 
(lifTeixuit JVHpe<ds of tlu^ question. Kor various n^asons this hope haa 
b<^cm only partially nmlivs^vL honc(^ our spiu-ial thanks art» due to those 
(?oIleagueB abroad who have* sent us their vii'ws in writing although we 
couhl not have the htuietit of th<*ir prosenco hen^ to-day. 

'PIk^ sea has probably always cev^en^d the grtnittu’ part of tho earth's 
surface, as it dotw to-<lay. Ac(M>rdingIy inost- of our fossiliforous strata 
are tnarine, iiiKpitc' of the great terrestrial fonnations of ( rondwanal^d 
in tho south. As it was in the nortln^rn ceuiitri<'s that the geological 
scabs was first sludietl, tnir Htaudard scah' is primarily baseil upon marine 
animals, with the* plant. -hiMiring st rata niertdy interpolated. 

I liavts ofhm wojuh'n'd how a paheohotnnist \V(»uld chwsify tho strata 
if ho <*otild posHihly work on a clean slate, unfe!tbsrt^<l by previous 
id(siiH, In th<' (Jondwunas, at letwt, ht' might. quitt> probably pla(» 
some of his major boundaries at horizons different* from those in the 
Kuropean scale. But wotild this indicah^ a real «lis('or<l in thts ago values 
of plant aiul aiiiiual renuiius, or would it be nu^rely <lue to the woll-knowa 
fact that in different- partH of the world sonus of t he major breaks in the 
rock-record occur at diflenMit peihsds V 

Th<^ probhnn of tlu'se iliMcnspancies, nsal or at>pat*<uit, tirst confronted 
nus about twelve yearn ago (luring a surv(\v of tins soutiusrn fossil floroa, 
and I inad(^ a jamsing rcdenuice to it in an addn^ss to the geology Bection 
{Pror. VM In<L Set. (Umy., 1020, pp. 24(h247). L<d» us examine a few 
mdual c'jiw^s whtu*e the evid(ui<*o fr(»m the two sotircH^s appears to be 
contradictory. _ 

(n) The Hawkeshury iSeries {N.B.\V,). in SusHinilclPs ()ooloji;y of 
New 8outh Wales (Ilrd’ cd., 1922, p. IdC) oiu^ n^ids of mi twtomshing 
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contradiction iu the fossil (’ividonco. Tho Hawkosbury sorioa is generally 
included by tlio Australian geologists within tlie Trias,i The topmost 
member, known ns tlio Wianainatta stage, contains a flora of Triassie 
(or Bhaetic) aspect, bub of tho eleven genera of fish recordocl from St. 
Peters only four are saitl to be Mesozoic typos, tho rest being confined in 
Europe to tho Palieozoic, in rocks ranging from Lower Carboniferous to 
Permian. In tho accompanying table are indicated in parallel columns 
the broad alliuitios of the floras and faunas of tho Hawkosbury series and 
related formations. It will be noti(.*.otl that in the Hawkosbury stage 
(which is old(ir than tho Wianainatta) and in tho Talbragar bods (which 
are younger) tho fish are oxdiiaivoly of Mesozoic typos. If tha data arc 
sound wo have here a piH'dominantly Paheozoi(i fish faiuui plac^od in the 
middle of a Mesozoic secpiouce, and associated with a 'irriassic or Bhietic 
flora. Whether tho reported I^aheozoic fish in tho Wianamaita stage are 
really hold-overs or whether there is a flaw in the evideiuu^ is a quesi.ion 
worthy of investigation. 


Strata 

Flora 

Fish Fauna 


Tulhraifar Series. 

Jurassic, 

(.4^ T(Uhra{/ar) Jurassic 

^ 1 

^ Wianainatta stage 

Trias or Bhaetic. 

(At St. Peters) 7 gon(u*a 
lhdieoz(>i(!, 4 Mesozoic^ 

Hawkesbu 

Series^ 

k Haw'kosbury stagtu 

\ Narrabeen stagi'. 

Newcastle Series, 

Trias or Hhietic, 

Upp(»r part Triassie. 
Lower part Permian. 
Fmnian. 

(At (losford) all Meso- 
zoic. 


Similar coutrudi(‘ti<)nH have no doubt como to the notice of others 
and ouo <h)u 1<1 tuisily multiply instanees by a search through the literature, 

(6) The Lower (hudwanan of India and Atintralia, — I.hit perhaps th(H 
most remarkable exampl(» of the kin<l wo owe to that distinguished 
geologist W. Mlanford, who was perhaps th<» foremost amongst the 
several ablc» men who during the latter lialf of last (century laid tho founda- 
tions of geological H(!i(ui<‘e in this (country. After many years’ intimate 
oxporiou<‘-o of the fosHilif(u*ous ferinatious of India, and particularly of th(' 
Gondwanas, his doliherate opinion was that ‘the dondwana IkxIs from 
top to bottom ar(^ of unusual interest on accomit of the extraordinary 
conflict of ])aheoutologi(ml evidtmee that they prosout*. And ho wont 
so far as to say that if tho plants wert^ to be relied upon in tho samo^ way 
as the animals, tluui W7i would have iu India *n Rluntii? flora eviirlying a 
Jurassic flora, au<l a 'Triiissii^ fauna abovt^ both *, and in Australia* a Jurtissic 
flora <W3Soeiat(ul wit-h a darboniforous marine fauna, and ovinlaid by a 
Permian fri'siiw'ater fauna’ (Hep. liriU Assoc.. ^ 1S84; or IUt% /iV, 

p. 32 ff.). 

The words I have just <iuotod werti addressed to tho geology section 
of th<^ British Assocnation at Montn^al iu tho year 1884. 'J’hey present 
to us in a nutshell tho kind of attitude that geologists onoo h(d<l towards 
fossil plants as an aid to stratigraphy, iilanford’s addrtwa was mainly 
devoted to an exposition of the many pitfalls that w<'ro then believed 
to lie iu tlie path of the unwary geologist who might bo tt^inpted to employ 
fossil plants os a gui<le to stratigraphuml (sorredation. some of us 


1 Although pahe<)I)otani<^aIly the lower jiart of t-he Narrabeen. stage 
(•annot Ixj separatcnl from tlu^ underlying NTewcastle series which is definitely 
Permian (Sahnt, U)2<i, ]>. 345). 
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here to-day ho may soonx to have ovorstatod tho coso. But we must 
remember that ho was spoakiug a little over 50 years ago, when the pro- 
longed and bitter controvoi*Hy ovci* tho ago of tho ( Joiidwanas had aheady 
come to a peak. From that coixtrovoray soiixo of tlio Ibronxost paleeo- 
botanists in Europe had <^oine out with theur (dolours lowered. MoCoy 
and 3De Xigixo, Saporta and {dchiinpor, CJarridhors and Buubury, had 
all regarded ovxv Damvida flora, and its Australian corndativo the Newcastle 
flora, as Jurasnic. Tho unfortuuato fact was that iu 1H70 Schmalhausen 
(Bdtr, s. Juraflora Rundandif.y Mthu* udr. ScL aSV. Pvfenth,) ha<l assigned 
to the Jurassic an important ooltnitiou of BuHniau plants; which (os sub- 
sequent ovonts showo<l) had conic from mixed horizons, partly Jurassic^, 
partly Palsoozoio. A few of our Damuda plants had been identified and 
others closely compared with nicmborB of this siipposod Jurassic flora, 
which also included tongm^Hhapotl leavers rtu*, ailing Olonffoptens and 
Gangamoptena; and by some iiu^xplicahlc^ proci^ss t whole of our Damuda 
flora was swept into th(s Jurassic, net! Tlu^ nt^ai*ost rcsemblan(*-es were 
supposed to lie with the Lower and Middle Junissit* iloras of Europe and 
hero tho suporfioial rt^soinblaact^ Ixd.wtMui ( Hojifioptrr i9 and Swjenopt&tiB 
must have holpt^l in tho deception. Etustmankd, it is trues had upheld 
an older ago for tho Damudas; he had classed t lKun us '.rriassio but, as 
we know, even ho had nt)t^ gone far (uu)ugh. Mt^anwhile the tinimal 
evidence in favour of a Permian ag(^ had Im'<*oiu(' inviufdble, 

I should iitXHgiru^ tliat fossil idatits wt‘re lu^vtu* so imadi at a discount 
among atratigrapliors as they wtu'<< al>out th(^ titm^ IManford wrote, Ko 
wonder that to a more <n’ U^sh marked dt^gree geologists all t>vor tho world 
had a mistnist of plant ixunains. lint iu Iiulia this was a spi'cial pity 
because such a largo proportion of our fossilihu'ous st i’ata are freshwater 
deposits with plants as the clxicd* basis for ciu'ndat ion. 

Only gradually were tlio <loubt.s ch^aw'ti away. One afti^r another 
wore found, in distant countrii^s like Brazil, Houth Africa an<l Australia, 
those few but sure links with tho northern tloras t hat we have learnt to 
value so much. And now wt^ say that . likt^ t lu^ animals, the plants 
show OUT groat southern coalheariug serit^s t.o Ix' Pahcozoi<f. Ifixorc never 
was any real discrepancy. 

(c) The Laramie problem -AmfU’ican geologists tiro familitir 

with tho long ooutnn'orsy ovt^r tlu' Laramie prol>hau, only moontly laid 
at rost. 

Tho question wtxs wh(dh(^r the (JnJatMMtus-Tertiary boundary line was 
to be drawn below or abovt^ tho Laratnio formation, 

TABJJd 

(Humiuariziug th(' Laraini(» problem). 

WAvSATtJH 
(Uudoubtod Tort.itiry) 

FOWT UNION* 

Fauna very distim't from Laramie 
(no Dinosaurs); hut llora rogardtal 
as oloKtdy alliofl U) Ixirtitnie. 


LARAM IE (iu its otxsUu'n part known as tlu» liANt ’E) OANNONHALL 
Oretacoousfauna with Dinosaurs throughout mtiriuo momb<ir inter- 

but flora of modern tispect, n^gardod as stratified with tho 
Tertiary. X.AN0K. Rich fauna 

of strong upper 
Uretacoous affinities* 


Undoubtotl marine ( IretacemiH. 
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The Laramie, in its eastern part known as the Lance, is a thick fresh- 
water series containing a Cretaceous faima with Dinosaur boiios throughout, 
but also a flora which the early palacobotaiiists had pronounced Tertiary. 
The contradiction botwoon the flora and famia thus lay within the Laramie 
itself. Below tlie Laramie lie undoubted marine Cretaceous beds. Above 
it is the Fort Union formation with a flora reported to be closely allied 
to the Laramie but a very different vertebrate fauna devoid of all trace 
of dinosaurs (see Table). 

If we go by the plant remains the Laramie and Fort Union should 
both be classed as Tertiary, and indeed in many places thore seems to be 
a conformable passage between them. If, on the other hand, we give 
prime importance to the animal remains the Laramie (tind Lance) are 
Cretaceous, the Fort Union is Tertiary; and this view is supported by the 
recent discovery (1922) of the Cannonball marine beds in N, Dakota which 
are interstratified with tho Luuco formation and contain a well developed 
fauna of \mdoubtod Upper Cretaceous allinitios. 

Ceologists in America now seem agreed to draw the line between tho 
Lai-amie and tho Fort Union formations, thereby giving greater weight 
to the faunal ovidoncus which obviously is very strong. A critical cojri- 
parison of tho two floras is therefore indicated to see if after all they <lo 
not fall into lino with tho faunas. 

(d) The Deccan Trap. — A problem in some ways parallel to the 
Laramie was that of tho Deccan trap formation which also turned upt)u 
the position of tho Orotacoous Tertiary boundary lino. Tho wholo question 
was discussed at length at our Hyderabad meeting last year (Froc, 

Ind. Sci. Contjr.y 1037, pp. 459-471). So I shall content myself liero with a 
reference to tho salient points, so far as they concern tho supposed conflict 
between tho plant and the animal ovidonco. 

Tho Deccan traps are a thick series of volcanic lavas covering an 
enormous area in tluj Indian peninsula. Direct ovidonee regarding their 
age is afforded by tho flora and fauna of the so-called Intortrappoan bods, 
an intermittent seric^s of fjH^shwator deposits laid down in lakes and rivoi’s 
during the quioscont periods betwocti tho oruptions. Indirect evidence is 
given by tho fauna of certain beds below, above and in distant areas but 
tho exact relations of those betls with the traps are not always clear. 
This much is certain that in the Central Provinces tho traps overlie strata 
of known Cretaceous ago, viz. tho Dinosaur-bearing Lamota bods, and 
the Bagh bods which (Contain a marine Cretaceous fauna. ITor the rest 
tho field evidence is not clear. Near th(» west coast some traps aro stated 
to underlie bods of uummulitio (Kocono) ago. Still further off, in western 
Sind, a trap flew is said to lie below tho Eocene Bauikot bods and above 
the Cardita bcaumont i beds which aro generally regarded os late Cretaceous ; 
but tho oxac.t relation of this trap flow with the lavas of tho Doccan is 
unknown. On tho o<ist coast, near liajahmuudry, certain other basalts 
are said to be separated by an unconflnnity from tnulorlying bods <jon- 
taining Cardita bcaumonti. A general view of tho sittaation is diagrain- 
inatically shown in the accompanying scheme (this should not bo regardful 
as a geological ('.orrolation table). 


Tabid Hhowinq the Deccan Traps and related Jonnaliom. 

Haiiikot beds of Nummulitics 
Sind of Western 

'Trap. cost Trap, DECCAK TRAP Trap 

Lamota bods. Bagh bculs. Cardita beau- 
(Jardita hcAimumti monti beds of 

bods of Sind, Kajahmundry^ 

Those and other facts have been so often discussed that it is difficult 
for us today to keep an untraxnmellod mind on the matter. 
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The pioneer geologists of a century ago had judged the traps to be 
early Tertia^, and in this they wore largely guided by the intertrappoan 
flora which included, inter alia, the characteristic Eocene fossil Nipadites, 
Even the associated fauna was then regarded as Tertiary (Hislop, 1860, 
QJQS XVI, p* 166) so that at that time there was no question of a 
discrepancy betweeix the flora and the fauna. In subsequent years fresh- 
water fossils, and particularly plants, fell into disfavour with geologists. 
Even the evidence of the famia does not then seem to have been taken 
seriously, and the question of the ago of the Deccan Trap was again tlirowu 
into the melting pot. The direct evidence having thus boon rejected as 
unreliable, there remained only a variety of indirect considerations, 
based partly upon dubious field evidence, partly upon tho testimony of 
the animals in the associated strata. Largely through tho influence of 
W. T. Blanford these indirect data, although admittedly inconclusive, 
were allowed to override the direct testimony of tho flora. Thus in 1867 
Blanford lent the weight of his authority in support of the Cretaceous 
theory. Before long this was adopted as the oificial view of tho Geological 
Survey of India (H. B, MedUcott and W, T, Blanford, Manual of the Otology 
of India, let ed., 1879) and this has been for many years the view generally 
accepted by geologists both here and abroad. Erom time to time during 
the past sixty or seventy years attempts wore made to revive tho Tertiary 
view, notably in 1871 by T. Oldham (jRec. QeoL Surv, Ind., IV, p, 77),* 
in 1884 by P. N. Bose {eee Broo. 24th Ind. Bci. Congr,, 1937, pp. 461, 463), 
in 1908 by Smith Woodward {Mem. Oeol Surv. Ind., Balmont, hid.. Ill, 
pp. 1-6) and more recently by others. But the faith of the Geological 
Sxarvey in Blanford’s judgment remained unshaken and in 1926 Sir Thomas 
Holland wrote (Indian Oeol. Terminology, Mem, Qeol. Sun). Ind,^ LI, p. 88)‘. 
‘There can be very little doubt that the intortrappeans as a whole are 
Cretaceous, and this is very greatly strengthened by tho oc‘nurrence of 
Bullirms prinsepii in the Mcestrichtian of Baluchistan*. 

This was the position down to the end of the year 1936 when a com- 
preheimive review of the intertrappean flora finally turned the balance 
again in favour of a Tertiary age, which apparently is now accepted by the 
Geological Survey, Not only were there individual gonora of plants in this 
flora (Nipaditea, Azolla, etc.) which strongly supported this view but the 
general character of the flora, with its great prepondoranco of palms, 
was distinctly Tertiary (Salmi, Srivastava and Bao, The ailicijled flora of 
the Decc(m Intertrappean aeries, Broc. 21st Ind. Sci. Congr., pp. 24-27, 
communicated Nov. 1933 ; Sahni, The Deccan Traps, are they Cretac&oua or 
Tertiary, Current Science, Bangalore, III, pp. 134-136, Oct. 1934). 

In mentioning these details my main object is to omphosizo that in 
fact there never was any real conflict between tho plant and the animal 
evidence. We have seen that once it was decided that tho x)l€>'nts were 
umeliable, the associated animals were thrown overboard with them, 
without any apparent reason. On the other hand, whoix the plant 
evidence reasserted itself, faith in the animals also rovivod. The whole 
history of tins vexed question is an instructive examx)le of the way in 
which the discrepancies, doubts and dissents of seventy years were dis- 
pelled once the evidence from one quarter bocamo ovoiwhehning. Not 
only did the animals on the whole support the plants but ciollateral evidence 
from radio-active data added its weight, while tho field ovidonco educed 
by Blanford, never really convincing, now began to seem more dubious 
than ever. What is more, that oft-mentioned gastropod, BulHnus (Bhyaa) 
prinsepii, so long ranked in India as a leading Cretaceous fossil, was now 
relegated to its real home in the backwaters of the Eocene. 

, series of Spiti is generally coiTolated with the Middle 

Carboniferous, and the grounds advanced for this are palmontological as 
well as stratigraphical. The greater part of this series, the Bcneatellc 
^ ^^oarine fauna presumably correctly assigned to the 
Midme Carboniferoxxs, but geologists generally* have ignored the fact that 
the basal part of the series, known as the Thabo stage, contains plants 
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which Zeiller had long ago compared with Lower Oarboiiiferotis forms. 
These plants have now been ro-examiiiod and their Lower Carboniferous 
affinities have boon fully confirmed (Qothan and Sahn% Possil plants from 
the Po aeries of Spiti^ Records OcoL Suw. Ind., 1938, LXXII, pp. 195-B06),> 
So far as I Imow, there is no proved association of the flora and fauna 
in one and the same horizon* oxcopt that one rolled pebble which contains 
a well preserved leaf of Bhacoptcris ovata McCoy sp., is said to have been 
collected from the Fencatclla shales. The source of this pebble being 
doubtful, it would be wrong to assort that the flora and fauna co-existed 
in the Po series. There is tlius no real contradiction between the two 
sources of ovidonco for the simple reason that they refer to distinct horizons 
in the series, and tho plant ovidonco has since boon supported on other 
grounds (Fox, The Gondwrma sf/atem and related formations. Me7n. Geol. 
Surv. Ind., 1931, LVIII, p. 193). 

The Upper Goudwanfis of India are generally subdivided into tho 
Rajmahal, Kota, Jabalpur and Umia stages, exposed in widely distant 
parts of tho country. It is generally assumed that tho order in which 
they are named is based upon tho allinitios of their floras. This was no 
doubt tho sequeneo originally suggested and it may bo the coiTOct sequence, 
but until all tho flonis have boon critically revised tho question cannot 
be regarded as closed. 

Peistmantol had incliidod all tho four stages in tho Jurtissio. But 
in two cases (the Umia bods in Cutch and tho Madras Coast bods) a 
conflict has arisen botwoou tho ago as suggested by Peisbmautol on the 
basis of tho flora and that indicated by tho marine fauna of iissociated 
beds. In both oasos the animals indicate a younger ago. 

(/) The Umia hed.a arc now consitlorod younger than Jurassic because 
they are said to !)o intorstratifltul with bods containing a marine fauna 
homotaxial witli tho Woaltlon. .But tho flora has ixovor been revised since 
Feistmantol’s time and all one can say is tixat so far it lias revealed no 
oharactoristi(i Woaldon spocnos. Borne further collootions still await 
examination, and it is poHsihlo that tho recent discovery of Weiohselia 
and Matonidium in tho noighlKiuring area of the Idar Stato (B. Sahni, 
1937, Hoc. Geol. tSurv. Ind., LVI, p. 132 ff.) mtiy bo extended into Outoh. 
However, till tho flora and fauna have boon equally well explored it 
would bo wrong to assert that there is any conflict of ovidonco. 

(ff) In tho Ji/mt (Joast Uondwttnas Dr. L. F. Bpath claims to have 
discovered Lower Cnitacoous aiumc>nitc»8 and he suggetsts that tho associated 
plant bods must be of a similar ago. In doing iliis lie revives a hint 
thrown out long ago (Manual, Geol. of India, 2nd ed., 1893, p. 208) that 
not only tho Madras beds but (iven tho Kajinaluils may b(^ younger than 
Jurassic. I do not know if Dr. Bpath’s evidence is of a couehisivo nature, 
hut no pnljcobolianist woultl contest it unless ho know that tho flora con- 
tains a snfliciont number of leading Jurassic forms, which is not tho 
etiso. As tho flora still tuwIs a critical revision, it would bo rash to assort 
that there is any real <liscnq)an<^y. 

But however justilied Dr. Bpath may bo in roferring tho Ma<lraB 
coast gondwanas to tho Ijowor Orotacoous thoro is (certainly no ground 
for doing tho same with tho Kajmahal flora. This flora is now too well 
known, and contains too many forms directly comparable with Jurassic 
ones in other parts of tlio workl, to admit of its being chxssod os Cretaceous. 
Ono camiot say tho same of tho Jabalpur bods of wliich the flora is nob so 
well known and which also Dr. Hpath refers to tho Cretaceous. If, how- 
ever, tho Rajmahal flora is s{^^iously regarded as Cretaceous then hero, 
at last, wo have a real (jonflict between tho t(?stimony of tho plants and 
that of tho animals. But is it safe to apply conclusions based upon tho 
imperfectly Icnown fauntv of one region, to tho well known flora of another 
situated over a thousand miles away ? 

Soitrccs of IfJrror. — ^Thosci few oxamploa may suffice to show that the 
supposed discropancies are in most (uisos due to our own mistakes. The 
sources of orrot are familiar to us all: imperfect collecting; wrong doter- 

11 
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mination of species (often due to poorly preserved material); collections 
from muced horizons being considered as one flora or fauna; conclusions, 
dra'vm from one area or geological horizon being extended to distant areas 
or strata whose relations are not fuUy known; homoeomorphic forms being 
considered as identical. 

Ihe responsibility of some of these sources of error is clearly 
established. Schmalhausen’s supposed* Juraflora Russlands’ was a mixed 
assemblage from strata ranging in age from Palaeozoic to Jurassic. We 
can scarceljr say even today that we have completely got over the effect 
of this classical blunder. In the Po series there is no actual association of 
Lower and Middle Carboniferous forms, yet the age of the series as a 
whole was assessed solely on the preponderating fossil element, namely 
the marine animals in the Fenestella shales, in disregard of the flora 
in the basal part of the series. 

Agreement as to what constitutes a ‘species’ is difficult enough to 
achieve in dealing with living forms; with fossil material it must be even 
more difficult. For stratigraphical purposes a narrower concept of 
‘species’ is preferable to the wdder. The use of comprehensive species 
ranging in their different component forms through a long geological 
period tends to prevent a classification of strata into chronological zones 
or ecological facies. 

For a long time it has been commonly believed that marine animals 
are a better index of age than land plants, and the reasons for this view 
are well known. It is true that in several formations, e.g. tho Jurassic, 
the flora appears more or less uniform through a long range of time whereas 
the same interval elsewhere is minutely zoned by marine animals. But 
it is important to enquire how far this fact is due to the inherent unfitness 
of plants as zone fossils and how far to our own lack of critical knowledge 
of the diagnostic features of plant-remains. At least so far as the 
Oarboniferous is concerned the work of the Heerlen Congress has given 
ample proof of the value of plant remains in a zonal classification of rooks. 
Indeed^ in a recent paper Professor Jongmans, to whom most of the credit 
for organizing this work is due, has even expressed the view that plants 
may sometimes afford a more satisfactory basis for correlation than marine 
animals {Jongmans^ Pakeohot. Unters. i. Oesterr. Karbon. Berg- u. HiiU. 
Monatshefte, 1938 Bd. 86 Heft 5, p, 97). 

The fragmentary nature of plant-remains has frequently been tirged 
against their employment in stratigraphy. But I venture to suggest 
that this very drawback places the student of fossil plants in a position of 
vantage over the palssozoologist. My point is that for each true species 
of large plants, such as a fern, oycad or conifer tho palseobotanist often has 
two or three, sometimes foxir or five, artificial species to servo him as 
stratigraphical guides. 

The fragments may be difficult to piece together and we may be a 
long way from gaming a picture of the plant life of the period. But here 
we ore not concerned with that aspect. So long as we know the fragments 
spedficallyy each of them vnll home the same age value as the complete pla/n^* 
To the stratigrapher it naatters little whether a Olossopteris frond belonged 
to a Vertehras'ia, a Ptilophyllum to a WilUdmaonia or a certain Sphenopteris 
to a Lygmodendron or a Lagenostoma, To him any definitely recognizable 
fragment known to characterize a bed is a stratigrapliical index regardl^ 
of its botanical affimties, although of course a knowledge of its affinities 
may be, and often is, an additional help. 

The great thing is that we must know our fragments, and it is in this 
direction that modem palseobotany has recorded some of its most striking 
advances, particutoly in the study of cuticles and of spores, both of which, 
I beUeve, are destined to rank among the most valuable aids to chronology* 
As I said elsewhere this morning (Pres. addr. botany sectiorhy Proc. BSIh 
Ind. Sci. Gongr., 1938) the facility with which spores travel across space 
iny^ts them with special importance as zone fossils: whether of local 
origin or blown from afar they are equally useful as age indicators. Many 



Part IV — Discussions, 


163 


strata once regarded as unfossiliferous are already yielding valuable 
stratigraphical material under the microscope. The future of micro - 
palseobotany as an aid to stratigraphy is thus fully assured. 

2. Mr. D. N. Wadja, Calcutta. 

Instances of discrepant testimony of plant and animal fossils in the 
correlation of Indian formations are : — 

(a) The Po series of Spiti Himalayas — fossil fern like plants of Lower 
Carboniferous (Culm) age associated with a marine fauna of Middle 
Carboniferous age. 

(b) The Agglomeratic Slate series of Kashmir — a Productid fauna, 
earlier than that of the Lower Produotus Limestone, along with species of 
(^ngamopteria and Olossopterin whose affinities may be with the Permian 
(Damuda) of East India. 

(c) The Gondwanas of the East Coast — containing ammonites, 
described as of Upper Neocomian age, side by side with a fossil flora whose 
Middle Jurassic affinities are insisted upon by many observers, on the 
ground of its stratigraphic position as well as on the evidence of associated 
fish and reptilian remains. 

(d) The Deccan Inter-trappean beds — containing a flora with a 
preponderance of Palms, (along with fossil fishes), indicating Eocene 
affinities, in the lower part of the traps of Nagpur, while the abundance 
of reptiles in the conformably underlying infra-trappean beds (Lametas) 
of adjoining localities indicates a Cretaceous age ; the latter occurrence 
is in keeping with the Wealden flora (Matonidium, Weichaelia) of the Idar 
sandstones forming the floor of the Lameta-Trap succession. 

These discrepancies, except in the case of (3), it must be admitted, 
are of comparatively minor significance and can probably all be accounted 
for by the accidents of collecting of the fossils, the varying conditions 
of sedimentation, bad preservation, etc. There is also the important 
consideration of a lag in the rate of evolution of plant and anirnals in 
distant quarters of the earth and the possibility of the association of 
a iSliddle Jurassic land flora with a Lower Cretaceous marine fauna in some 
secluded and barricaded terrestrial area. Stratigraphic data, oarefuJUly 
collected in the field, should be given prime importance in dealing with 
oases of discrepant testimony of plant and animal fossils in a stage or 
series. 


3. Dr. M. R. Sahnti, Calcutta. 

Arc there discrepancies between the evidence of plant and 
animal fossils ? 

Absolute synchronism botweoii the minor subdivisions of tho geological 
scale cannot always bo oxpoc^tod in tho cose of strata in widoly separated 
regions, but whouov(ir fossils have boon reliably idontiflod, tho palsoo- 
botanical and pabnozoological data mutually support, and do not oonfliot 
with, each other. At any rate the disoropan(*.y is not groator than some- 
times exists in the otiso of certain formations (u>rrolatod on the basis of 
animal or plant fossils alone. For exainpio, according to Dr. Spath 
{Meddelelser om Gronland, LXXXIII, p, 79, 1030)-^ 

‘It is oven possible that tho Ophieeras layer of Pastaimah in 
Kashmir is not synchronons with tho scone of Ophieeras tibetioum at 
Painkhanda, for th(» commonest ammtjnito of the tibatioxm zone of 
the Himalayas was very rare in Kashmir.’ 

And yet the syn<;hronism of tho Ophieeras bods in different regions is 
accepted. Tho discrepancy hero is, I think, easy to explain if wo remember 
that wo may be correlating younger with relatively older horizons within 
the same zone or vice versa. A zotxo may be represented by twenty feet of 
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strata in one locality and only two in another. Even making allowance 
for the assumption that the rate of depositon may be slower in some 
than in other regions, we can hardly assert that the two feet of strata in 
one locality span an equal period of time as tho twenty feet in another, 
in spite of the presence of the same zonal fossil in both. 

Thus the Ophiceraa beds of one area may, but need not necessarily, 
be absolutely synchronous with the OpMceras beds of another area. 

To give an instance of even more serious conflict, the equivalents of 
the Namyau series, which have been regarded as Upper Jurassic on palseon- 
tological evidence by various writers, including the present (i?ec. Qeol. 
Surv. Ind.f 71, Pt. 2, pp. 217-230, 1936), are assigned, likewise on 
palaeontological evidence, to the Upper Trias by the French geologists in 
Indo-Ohina (M. Fromaget: Bull. Surv. Qeol. Indocohine, XVIII, Fasc, 0, 
pp, 19-20, 30, 1929), The discrepancy covers practically a whole system* 
It is in my opinion the result of misidentification of fossils and of insuffi- 
cient evidence. Yet, in fairness to the palfcontological record, it must 
be said that where such evidence is complete, the faunas are remarkably 
similar, even in distant regions. I think no more striking instance could 
be cited than that of the Calceola aandedina zone faunas of Eiel and 
Padaukpin (Northern Shan States) which, separated by 90® of longitude 
and 36® of latitude, are unquestionably identical. This is due to the 
fact that the faunas in these regions are exceptionally well-preserved, 
prohflo and therefore reliably identifiable. Undoubtedly palajobotanists 
can cite similar instances in their plant record. 

The conclusion is that the existing discrepancies are not inherent in 
the available evidence but are due to the imperfection of the geological 
and palseontological or palseobotanical record or to the interpretation 
thereof. They are based upon premises and determinations which 
■cannot always be accepted without reserve, and I shall endeavour to 
illustrate this with reference to three important Indian formations — ^the 
Deccan Trap, the Gondwana rocks and the Po series. 

1. The Decoan Teat. 

In dealing with the Deccan traps many of the argiunonts advanced 
in favour of their Tertiary, or against their Cretaceous age, will necessarily 
have to be reiterated, but I shall hope to do so from a slightly different 
angle to the arguments generally advanced. 

Palceontological evidence in fa/vour of a Cretaccoica age examined. 

{a) Phyaa (BulUrma) prinsepU . — 

An important factor in assigning a Cretaceous ago to the traps is 
the occurrence of a supposed Phyaa {BvlUnua) prinaepii in the Cretaceous 
rocks of Baluchistan, it being the leading fossil of the intertrappean bods 
in the Deccan. My brother Prof. B. Sahni, attaches little importance to 
the evidence of this fossil from Baluchistan {Proo. 24th Ind. 3c. Gongresa, 
General Liacuaaion. The age of the Deccan Trap, p, 466, 1937). Although 
I am in agreement with him in his conclusion, my reasons for doing so 
are different. 

This is the only record of this species in Cretaceous strata, and has 
been used by Sir Thomas Holland in favour of the Cretaceous-ago-theory 
for the traps. He writes : 

‘There can be very little doubt that the intertrappeans as a 

whole are Cretaceous, and this is very greatly strengthened by the 

occurrence of BulUrma prinaepii in the Msestriohtian of Baluchistan 

{Mem. QeoL Surv. Ind., LI, p. 88, 1926). 

In reading the account of the circumstances under which the 
Baluchistan specimens were recorded, I feel convinced that their identifica- 
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tion by Vredenburg {Beo, GeoL Surv, liid., XXXV, pp. 114-118, 1907) is 
extremely doubtful. 

This fossil was collected by Koetling, yet Noetling himself does not 
mention this important occurrence in two accounts which he wrote of the 
stratigraphy and paljcontology of the Des Valley, whence tho supposed 
BulUniLs was reported to havo boon collected {Qen, Bcpt., GeoL Surv. Ind. 
for 1898‘1S99, pp* Sl-63, and Cenlralblatt fur Min, Geol, und Pal., for 
1908), Noetling gave lists (incomplete according to Vrodonburg) of the 
fossils collected by him, and it would indood bo romarkablo if the most 
important fossil had oscapod Nootling’s critical oyo- Furthermore, 
Vredenburg remarks upon tlio small size of tho specimens from Baluchistan, 
as compared with tho nomral typo found in tlio intortrappoans. Nor does 
Vredenburg figure this important find, and all my efforts to trace the speci- 
mens in our Museum collections have boon futile, although other specimens 
from this locality wore registered and may be aeon in tho Geological 
Survey collections. 

In the oircumstancos I think that this identification cannot bo accepted 
and tho occurronco of an \mdoubtod JBuUmus prinaepii of tho intertrappean 
beds, in Cretaceous strata, hfis yot to bo domonstratod. Tho specimens 
from Baluchistan may belong to some diminutive species of Bullinm or 
to some closely allied genus. 

An important argument in favour of tho Crotacci>us ago of tho trap, 
therefore, falls to tho grotind- At tho same timo tho value of the associa- 
tion of this species with Tertiary plants is onhancod, thus ol)viating the 
supposed discrepancy. 

(b) Oardita hoamnoriti , — 

We may now examine tho ovidonco of another important fossil, 
Oa/rdn^ta bcaumonti. This fossil occurs intorntratifiod with tho lava flows 
ot Sind. Tlio Cretaceous ago of tho main Doccan Trap was based on an 
unwarrantod assumption, tliat tho Sind traps rnprosont tho youngest and 
not tho oldest flows. Moreover, ihore is still doubt whether this supposed 
flow is not in fact a sill. Sin<}(> tho Oardita heaumonti bods rest both 
above and below the trap ( ?) it was assuinod that tho whohi of tho Deccan 
trap must be of Crotacoous ago. This assumption is undoubtedly 
influenced by tho fact that tlu'Ho bods nro ovorlaiu by Bocono rocks. Sir 
Thomas Holland (Mem. Ocol. iSurv. Ind,, LI, p, 04, 1926) states on tho 
authority of Vrodonburg (lieG. GeoL Surv. Ind,, XXXV, ISO, 181, 180, 
1908) that 

*In geological age tho Doccuin traps range from soon after tho 
formation of tho Laniofciia (of, (), A. MatUy, Bcc, Geol, Burv, Ind., 
LIlI,p, 102, 1921) of aliout Oonomanian to Aptian ago up to tho end 
of tho Crotacoous opoc-h, basalt flows in yiud being found botwoon tho 
Oardita heaxmonii botls of Miewtricditiau age and bolow Lower Eocene 
beds.’ 

It should bo borno in miii<l that a fossil gives tho ago of tho containing 
bed only, not of what lies above or bolow it, or in other areas. Thorofore 
if we can bo sure of one thing, it is that tho trap in Sind (assuming that 
it is not a sill) is of Daniau and pro-lianikot ago, but it does not enable 
US to establish its position with roforonoo to tho main trap of Central 
India, that is, wliothor it is contomp()rauoous with tho oldest or youngest 
flows of the latter. Moreover Oardita heaumonti has not hem fov/nd 
associated with any fossils, plant or animal, ivMch are confined to the 
O'ertiary, We can therefore state that fust as the association of Physa 
(Bullinus) prinsepii with a OreUwcom fauna has not been demonstrated so 
also the occurrence of a definitely and exclusively Tertiary fauna or flora 
mth Oardita heaumonti has not been established, Tho evidence of Oa/rdita 
heaumonti does not thorofore prove a discrepancy. But pakoobotanists 
will have to admit that volcanic activity, as pointed out by Prof. L. Bama 
3Etao {Proc. Ind, Acad, Sc„ XV, No, 3, Sec, B, p, 219, 1936), had already 
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begun in independent centres, in Western Sind and Bajahmundry, about 
the close of Cretaceous times. 

The foregoing arguments may, however, be regarded as more or less 
negative evidence. But Hislop has, in no mistakable terms, expressed 
his opinion in regard to Idlie age of the intertrappean fauna, both vertebrate 
and invertebrate, as well as the flora. He compares certain intertrajjpean 
fossils with those from the HTimmulitics of Western India, and species of 
Twritellaf NaUca, Physa, Vicarya and C&rithmm wih those from the 
Eocene deposits of Europe. //, then, we accept his concluaiom, the occurs 
rence m the same bed of the species Fhysa (Bullinus) prinsepii, Pcdudma 
normaUs and the plants Chora matcolmsonii and C. elliptical pointed out by 
Hislop (Q,J,G.8.y XVI t p. 165, 1S60) obviously discredit any idea of con- 
flict between the plant <md animal evidence. Had we foimd Chma or 
Nipadites or a profusion of palm-wood in beds interstratified with the 
Oardita beasmonti beds, there would be evidence of conflict between the 
plant and animal evidence, but as far as I know, no such record has been 
found. 

It is true, W. T. Blanford remarks that 

‘there are some strong resemblances between some of the fossils 

of the Rajahmtmdry intertrappeans and those of the Cretaceous beds 

of Triohinopoly.’ (Mem. Qeol. Surv. Ind., VI, p.24(=^ 160), 1867). 

But the phrase ‘strong resemblances’ does not seem convinc^ to 
the writer who has not seen any systematic comparisons of species by 
Blanford, which Hislop has given in detail. The same importance cannot 
therefore be attached to Blanford’s opinion as to Hislop ’s. Unfortunately 
when Hislop wrote, the fauna of the Cretaceous of South India had not 
yet been described (Blanford, loc. cit, footnote, p. 24) and Hislop himself 
has not been able to express an opinion on Blanford’s comparisons referred 
to previously. 

The evidence of the two leading animal fossils and of the other fauna, 
therefore, does not conflict with that of the fossil plants. Indeed, the 
evidence of one of these, JB. prinsepii even supports that of the flora, for 
it is one of the commonest fossils associated with the intertrappean plants 
of known Tertiary age. 


Geological, not palaeontological, arguments mainly responsible for 
supposed discrepancies. 

Discordance between the Trap and the Infratrappeans. — The purely 
stratigraphical evidence brought forward by W. T. Blanford (Mem. Qeol, 
Surv. Ind., VI, pt. 1, Chap. 9, p. 51, 1869) in support of a Cretaceous age 
for the Deccan trap is that there is no great break between these and the 
underlying formations. King (Mem. Qeol. Surv. Ind., XVI, p. 52, 1880) 
expresses himself in similar terms : 

‘the traps do not appear to be disassociated from the Infratrappeon 

beds to such an extent of unconformity as the supposedly 

Upper Eocene age of the intertrappean beds would require.’ 

While it may be true that the discordance in dip between the two formations 
is not great, in the face of the plant and animal fossil evidence it can 
hardly be suggested that the traps are Cretaceous. It may well prove or, 
at least, lead us to suspect that the age of the Bagh beds is pmbably 
younger than we are accustomed to assign to them. Indeed certain fossil 
specimens from the Bagh beds, kindly given to me for identification by 
Mr. P. H . Mu^erji, do indicate a higher horizon for them. Amongst these 
are Protocardium pondicherriense D’Orb. Oardium (Trachycardium) incomp- 
tum (Sow.), M^rocallista sculpturata (Stoliczka) and Turritella (Zaria) 
multistriata, wbich are characteristic of the Upper Cretaceous of Southern 
India. On their evidence the Bagh beds may range well into the Upper 
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•Cretaceous instead of being referred only to the lower part of the Upper 
Cretaceous, as thought hitherto. In further support of this I may mention 
that von Huene and Matley assign an Upper Cretaceous age to the Lametas 
■(fossiliferous sedimentary type), which are supposed to be the terrestrial 
•equivalent of the Bagh beds. 

In this way it has been possible to reconcile the absence of a major dis- 
cordance with the fossil evidence and thuSy at the same tme, the supposed gulf 
between the plant and animal evidence is bridged. 

In passing I may mention a fact of great importance, namely, that 
the Bagh species just referred to are characteristic of the South Indian 
Cretaceous. It may therefore well bo that the land mass which is supposed 
to have separated the South Indian Cretaceous sea from the Bagh sea was 
not a permanent feature during the Cretaceous period, and that it was 
submerged during periods of marine transgressions. As more fossil 
evidence accumulates, greater affinity between the faunas of the two 
regions will, in my opinion, become evident. 

The geological argument has been used again by Blanford (Mem, 
'Qeol, Surv. lnd,y VI, p, 22 (= 158) 1867) in the case of the traps at Surat. 
He states : 

‘the lower eocene bods of Surat rest quite imconformably upon 
the traps, and there is clear evidence of an enormous amount of 
denudation of the latter both before and during the deposition of the 
Nummulitic sea.’ 

It is apparent that this argument camiot be treated as establishing 
the Cretaceous age of the main trap. It only proves that the trap at 
Surat is pre -nummulitic, but it does not prove that the whole of the Deccan 
trap is likewise pre-nummulitic. 

In the case of the intertrappoans of Bajahmundry Messrs. S. B. 
Rao and K. S. Rao (liec. Qeol, JSurv, Ind,y Ih Pt, 4, p, 391, 1937) ffixd that 

‘T 3 q)ical cretaceous forms liko Pseudotextulariu, Ousnbelina and Olobi- 
gerina cretacm are either very rare or altogether absent. On the 
other hand fornis liko Orbitoidem and Nummulites typical of the 
warm seas of the Eocene age are also absent. According to data 
now available the evidence of the forminifera seems to be in favour of 
using the name PaliBocone.’ 

Treating the Bajahmuntlry trap as constituting an independent 
oentre of vulcanicity, and without aHsumiug that they are the youngest 
and not the oldest traps, the fossil evidence of their intortrappoan beds 
does not in any way conUict with the palaaobotanical evidence. 


Direct animal fossil evidence supports plant evidence. 

Conclusions of Hislop, iSniilh-W oodward and others, — From the fore- 
going one may conclude that wherever the fossil evidence is reliable or 
sufficient, the plant and animal evidence support each other. The 
palfeontological work of Hislop, Smith-Woodward (Pah Ind,, N,8,fV oh III, 
1908) and others is confirmed by the palficobotanical work published in 
recent years, which in itself discredits any idea of discrepancy, Dis- 
crepancioB htivo arisen whore attempts have been made to draw oonolxisions 
from purely geological (jonsiderations. 

II. Tmfl Gonpwaka Books. 

The evidence of vertebrate and plant fossils. 

The Maleri stage, — ^There is apparently a serious discrepancy between 
the evidence of plant and animal fossils in regard to the age of the Maleri 
stage, for the vertebrate fauna consisting of Parasuchus, Hyperodapedon, 



168 


TwerUy-fifth Indian Sd&me Congress, 


Bdodon, eto. indicates Triassic affinities, whereas the plant remains 
supposed to have been collected from the same horizon, indicate an 
Upper Gondwana age. But there has always heon considerable doubt 
whether in fact the vertebrate and plant fossils were fomid in the same 
horizon. 


Professor B. Sahni wrote : — 

‘It is important to ascertain beyond doubt the source of these 
plants, for if they were really from the Malori bods, this fact would 
constitute the strongest evidence for a post -Triassic ago*. {General 
Report for 1928, Rec. Geol. Surv. Ind., LXIl, p. 28, 1929,) 

Later Dr. 0. S. Pox remarked that — 

‘If we remember that the correct horizon of the plant fossih 
from Chirakunt and Nacgaon in the Jamgaon Valley has not been 
satisfactorily settled (although Bang’s map suggests a Maleri horizon), 
it is evidently true that .plant fossils have not booxi found on the 
same horizon (red clays) as the reptilian remains of Malori’. (Mem. 
Geol. Surv. Ind., LVIII, pp. 155-156, 1931.) 


Prom the uncertainty attaching to the horizon of the plant fossila 
it is clear that their evidence should not bo treated as creating a dis- 
crepancy. I consider that the evidence of the vertebrates is conclusive 
in the present instance, and that the plants probably come from a higher 
Upper Gondwana horizon. In any case fossil records concerning which 
there is obvious doubt should not be regarded as ovidonco of discrepancy. 

The Upper Gondwanas of the East Coast, etc . — much more serious 
position has arisen in regard to the age of the Upper Gondwanas in view 
of Dr. Spath’s identification of certain cophalopods foxmd in the Upper 
Gondwanas of the East Coast. These formations wliich, on the basis of 
their plant remains, were hitherto assigned to tho (Jurassic^, are now assigned 
to the Lower Cretaceous on the evidence of tho cophalopods. 

Dr. Spath has not confined his views as to ago to those, but has 
extended them to include the Gondwana rocks of other areas. He 
writes: — 


‘Moreover, there does not seem to bo any ossontial difference 
between the faunas of the lowest Budavada beds (Kajmahal Group) 
and those of the Ragavapuram shales or Sripexunatur group of the 
Middle (Kota) series. That is to say the marine bauds in these two 
series of the Upper Gondwanas, whether in tho Godavori District or 
near Maefras, are already of Upper Neocomian ago and the correlation 
of the still higher Tripetty and Jabbalpur series with the Umia group 
of Kachh is thus altogether erroneous’. (Pal Ind., E.S., Vol. IX, 
Mem, No. 2, p. 827, 1938). 


l^e age of the oiher Upper Gondwana rocks, according to Dr. Spath, 
rnu^ be raised, likewise, to at least Lower Cretaceous. Yet on the basis 
of tlm plant fossils these have been assigned to some horizon or other of 

{Rec. Geol. Surv, Ind., XLVIII, 

p. 27, 1917) states— 


deposits is not in dispute. It is generally 
actotted that the flora is later than that of tho Bajmahal stage, hut 
older th^ the Jabbalpur. The fish remains of Kota point to an age 
not earlier than Lias. The marine fossils found together with a Kota 
to?Lo\^rDoHte^^’^^^^^^^^^^^^’ 2’n^onia interlcevigata) point 


evid^ft^ftTi^-n^olJ+ between the recent palfieozoological 

as nut ^idence, but also between the paleontological evidence 

^^be 3^^- Cotter. The only conclusion that 

that we are either dealing with heterochronous formations- 
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or that some of the determinations must be provisional. The flora of the 
East Coast Gondwanas is admittedly small, and I do not know how far 
it can be compared with the Upper Gondwana floras of other areas. 
Similarly the cophalopods identified by Dr. Spath are either new species 
or poorly preserved and not easily determinable forms, but I am not 
using that as an argument against their Cretaceous ago. Their probable 
Oretacoona ago had in fact boon ijostulatod long ago by Stoliczka from an. 
examination of certain anunonitos {Pal. hid, jSer, IX, Vol, 1, 1875, p. 236; 
see also Pal. Jnd. Scr. 11, Vol. 1, p. 223, ISSO). Their evidence, however, 
is directly opposed to the evidence of the Macrocephalites and Trigonia 
interlcoviyaia identified by Dr. Cotter whicfli, as already stated, are 
Jurassic forms. 

Recently tlio writer, during the course of examination of the marine 
Jurassic of the East Coast Gondwanas, has como across ono or two speci- 
mens which, as far as their state of preservation permits, must be referred 
to the genus liectithyriH Sahni. In Europe this genus is confined to the 
Cenomanian and o(icxirs doubtfully also in tho Turonian. It is found in 
the Soutli Indian Cretaceous at tho same horizon, viz. Cenomanian, as in 
Europe, While it is not suggested that tho East -coast Gondwanas are 
so high up in tho sequence, tho ocourroiico of tho gonus BecHthyris is 
sigiaificant. Tho absence of othor South Indian Cretaceous typos in this 
area is an anomaly which may probably bo explained upoix a difference 
in the horizons of tho bods containing tho RncHthyris in tho two areas. 

In view of tho foregoing I can oi3y say that a thorough revision of tho 
Gondwana floras and of tho faunas of their marine bands is called for 
before we can definitely prove any semblance of conflict between tho plant 
and animal evidence. It is obvious that tho Upper Goiulwana systom is a 
composite of hoterochronous formations, that there are many faunal and 
palfloobotanioal gaps iu tho sociuonco, and that tho main respoiiHibility for 
the conflict of oviclonco rests on those breaks, physical and physiological. 

Tho responsibility ihon'fore n^sts not upon tho fossils, plant or animal, 
but upon tho imporfeotiou of tho geological or j>aheontologioal rocord or in 
its interpretation. With greater and mortx reliable ovidoiico, tho gulf 
that apparently soparatos plant and animal ovidonco will bo, in tho writer’s 
opinion, bridged over. 

III. Tuk Po Skuieh. 


Apparent discrepancy. — In tho case of tho Po scries again the dis- 
crepancy is du(^ not to diffonmees iKitwoou tho evidence of plant and 
animal fossils, but to two unfortunate circumstaueos, namely (a) an 
inadvertent mixing up of two fossil <u>lloction8 froxn different horizons 
resulting in incorrect correlation, and (h) assigning to Proforctepora ampla 
a much more restricted horizon than actually ir tho <!aBo, 

The part of su<ic('ssicri in Sqjti with which wo arc immediately 
ooncomod is as follows : — 


Foiuistolla shales with ProtorUepora ampla 
Thabo stage 

fcjyringothyris Limestone . . Lower OarboniferouH, 


Po serios 


Although higher P<^rmo-(Jarbonifcrous IxmIs have be<m found, they 
do not contain Protoretepora ampla as in Kashmir, and this hm an important 
bearing on tho 8ubje<}t, as wo shall see later. 

Tho lower division of tho Po sorios (Thabo stage) contains plant 
remains, Bhacopteris ovata, Sphcnoptcria sp., HphenoptcHdium ftiroillattmi 
Ludwig sp., etc. and was provisionally roforrod by Xoillor {Mem. Qeol. 
jSurv. Ind., XXXVI ^ p. 47, 1204) to tho Lower Oarbonilbrous. Recently 
Oothan and B, Bahni (Eec. QeM, l^inrv. Ind., 72, PL 2, pp. 202^203, 1937) 
have conflrmod tho probable ui>pormost Lower Carboniferous ago of this 
eub-diviaion, after a further examination of those plant romairm. 

In reading through literature dealing with tho Po series and related 
formations, an important fact, which has apparently boon cornplotoly lost 
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sight of, has exaeilged. It would appear that a younger age was assigned 
to the Po series on a palaeontological correlation based on data which are 
manifestly ineoirect, being due, as explained below, to an unfortunate 
mixing up of two faunas from entirely distinct horizons. 

To understand this one must follow the complete succession of 
Palaeozoic rocks at Zewan, in Kashmir: 

Permi an . . Protoretopora ampla beds more Zewan 

series. 

Permo-Carboniferous Gangamoptoris beds. 

Upper Carboniferous [ Slate. 

Middle Carboniferous Penestella shales with doubtful Protoretepora, 

Lower Carboniferous Syringothyris limestone. 

The admixture referred to was between the Protorefcpora ampla 
fauna (Zewan stage) and the Penestella shales of the Middle Carboniferous. 
The result was that the Fenestella shales of Spiti (vide supra) wore correlated 
with the Protoretepora anvpla beds (Permian) rather than with the true 
Fenestella shales (Middle Carboniferous), to which they correspond. As a 
consequence, a higher horizon was assigned to the Po series, including the 
Bhacopteris flora. I quote from Hayden (Rec* Geol. Surv. Ind,, XL, 
Pt. 3,p. 261, 1910):-^ 

‘Tins correlation was based on a description by Professor Liener 
of certain fossil supposed to have been collooted in bods of the Zewan 
stage, but Mr. Middlemiss has shown that they were a mixed lot 
derived portly from his Fenestella shalos and partly from the true 
Zewan stage.’ 

Diener himself wrote (PaL Ind., N.S., Vol. V, Mem. No. 2, p. 106, 
1916 ): — 

‘The main mass of the Zewan beds, especially the zone of Proto- 
retepora ampla, was even correlated by Hayden, directly with the 
Fenestella series of Spiti. This correlation which was based chiefly 
on the predominance of European Carboniferous types in Lydekker’s 
collections, falls to the ground since the distinctness of the two 
faunas in Lydekker’s fossil material has boon brought to light by the 
geological researches of 0. S. Middlemiss.’ 

Middlemiss himself correlated tho whole of tho Po series with the 
Fenestella shales of Kashmir on 

‘lithological, stratigraphical and on palteontological grounds’ (Mem. 
Qeol. Surv. Ind., XL, Pt. 3, p. 225, 1910), 
apparently without taking into account tho plant fossils. 

Another factor which is responsible for tho correlation of tho 
Fenestella horizon of Spiti with the Protoretepora ampla beds (Permian) 
of Kashmir is that the former also contains this woll known species, 
although the remaining fauna indicates a Middle Carboniferous age, 
Indeed doubtful Protoretepora occurs in the Fenostolla shalos proper of 
Kashmir and may possibly indicate that even in Kashmir Protoretepora 
ampla does not mark a very restricted horizon, but wo cannot bo sure of 
this till the doubtful Protoretepora has been specifically identified. 

The Po series as pointed out by Haydon (Bee. Qeol. Surv. Ind., XL, 
Pt 3, p. 262, 1910) was— 

‘ only very cursorily examined by the late Dr. Kraift and myself and 
may comprise fossiliferous horizons not yet found.’ 

Indeed the inference is that the Protoretepora ampla horizon of Kashmir, 
corre^onding to the Zewan stage, is probably present also in the Spiti 
area, but h^ not so far been discovered. 

The evidence of the fauna therefore points to ono conclusion ; that the 
onginal correlation was incorrect and that the Fenestella shales of Kashmir 
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correspond to the Fenestella shales of Spiti of Middle Carboniferous age, 
but not to the whole of the Po series^ as mcjgested, by Middlemiss. 

Hie position then is that beds containing Bhacopteris are underlain 
by the Syringothyria limestone of Lower Carboniferous age (vide supra) 
and overlain by the Fenestella shales containing a Middle Carboniferous 
fauna. They must therefore be regarded as passage beds between the 
Lower and Middle Carboniferous. On the evidence of plants it is stated 
{Qothcm and B. Sahni, loc, ci«., p, 202) that — 

*In Europe they would bo assigned most probably to the Vis4 

(upper part of the Lower Carboniferous).’ 

It is obvious that exact correlation between the minor stratigraphioal 
subdivisions in widely separated regions cannot always bo possible^ — 
even in the case of the marine faunas. In this connection the conflicting 
faunal evidence of another foimation, the Zobingyi beds, is instructive 
and one may draw attention to it before reverting to a consideration of 
the Bhacopteris flora. In the Zebingyi passage beds of the Shan States 
we find both Teniaculites elegans, which in Europe is of definitely Devonian 
age, and certain graptolite species which are definitely Silurian. La 
Touche adopts what he calls the ‘graptolite convention*, which practically 
means that whatever tho evidence of the other fauna, where Silurian 
graptolites occur tho bods must be of Silurian ago. (Mem, Qeol, Surv, 
Jnd„ XXXIX, p, 178, 1913,) 

Although the two cases are not altogether parallel, it is possible that 
the Thabo stage marks a position very similar (excluding the difference 
in age) to that of tho Zebingyi bods, and if tho Bhacopteris flora is Upper- 
most Lower Carboniferous in Europe, it could possibly bo treated as a 
passage flora in India. This position practically bridges tho gulf between 
the evidence of plant and animal fossils. It would be of interest to know 
what the evidence of such occuirencoa in tho intorv^oning mgions between 
India and Europe would indicate, but apparently no such occurrence has 
been recorded. 

Once more wo como to tho same <H)nclusion, that such discrepancies 
as appear to exist are duo to doxibtful identifications (as in the case of 
the supposed Physa (Bullmus) prinsepii from the Cretaceous rocks of 
Beluohistan or to' lac^k of adequate or properly (jolleeted material (as in 
the case of tho aforementiouecl mixing of faunas from distinct hori 2 sons) 
or to drawing conclusions from purely stratigraphioal data unsupported 
by fossil evidence, as in tho case of the absoaoo of a major discordance 
between the Bagh bods and tho Doc<^an traps. 

I am, therefore, of opinion that where reliable fossil ovidonco, whether 
plant or animal, is available, it shouhl bo accoptod without reserve, and 
where the evidence is conflicjting, a thorough ro-oxajnination of tho fauna 
(or flora) is called for. It has Iwou found that whore discrepancies occur 
between the ovideuco or plant au<l animal fossils, tho fossil data are in- 
variably iinroliablo. 

Do faunas and floras evolve at different rates ? 

It has boon suggested that \mder certain circmnatancos plants and 
marine animals may evolve at diitonmt rates — that marine organisms, 
owing to the unifonnity of tho onvironmont tinder which they live, evolve 
more rapidly than torrostrial plants and that, as a consequence, newer 
marine typos may be txHsociai-od with older types of floras. While the 
association of a more modern fatma with ono or two older typos of plant 
fossils (or vice versa) may be possible on account of inherent tendencies 
which do not favour cihango among such persistent typos, I do not think 
that a largo scale occurrence of ntwer an<l older types of representatives 
of tho two kingdoms has boon established. Tho main thing to remember 
is that the conditions of preservation in the two groat groups aro entirely 
different, and that tho apparent discropancsios may bo duo to imperfections 
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of the pleat record. It is an admitted fact that if there is such a dis- 
crepancy in the case of the Bast Coast Gondwanas, where Lower Oretaoeoiis 
marine types appear to be associated with Jurassic plants, the flora and 
even the fauna of these beds is far from woll-lcnown. 

The conclusion then is that in all such cases of discrepancies a thorough 
revision of the faunas and floras is called for. 

In the end the suggestion may be ventured that the geological section 
of the Science Congress would do a useful thing if they would form ‘working 
committees ’ to take up the investigation of such crucial problems in hand 
and report on them at their meetings. Without a close collaboration 
between palaeobotanists and paleontologists the presentation of such 
problems is likely to be one-sided. 


4. Dr. T. W. Stanton, Washington. 

I fear that my lifelong dependence on invertebrate fossils, as the most 
reliable ^de in the stratigraphy and correlation of Mesozoic formations 
would disqualify me as sm. imbiased judge of the question involved in 
the discussion. 

JSTo stratigrapher of this day, I believe, will question the statement that 
the most nearly complete strati^aphic record is found in marine sedimeints 
and that in general the succession of marine invertebrate faunas is fairly 
well determined. Continental sedimentary formations with their land 
floras, their vertebrate faunas, and their non-marine invertebrates must 
be interpolated in the marine sedimentary column by observation of the 
actual stratigraphic succession, where that is possible, and by inteiTpretation 
of every available bit of structural, stratigraphic, and paleontobgio 
evidence. 

The title of the discussion raises the question whether the reported 
discrepancies between the testimony of plants and animals are real or only 
based upon erroneous determinations of species or erroneous estimates 
of their age values. I should say that it is most probable that some of the 
^orepanoies are real. Land plants, terrestrial vertebrates, and marine 
invertebrates live under ve:^ different conditions and vary greatly in 
their ability to migrate quickly when living conditions change, or to 
adapt themselves to changing conditions without migrating. Changes 
that would seriously affect the environment of one of those classes might 
not greatly alter living conditions for other classes in the same area. It 
would be remarkable if the chapters in the history of land plants should 
exactly ooinoide in their beginnings and thoir endings with the chapters 
in the history of marine animals or even of the land animals of the same 
region. 

The evidence seems to indicate that modern types were introduced 
somewhat earlier among plants than among animals. For this reason, 
in .Aonerica at least, boundaries between systems and other major geologic 
divisions when based on the evidence of fossil plants are often placed 
somewhat lower than the faunal evidence would indicate. My lamented 
friend David White in discussing Permian floras {Pan-Paoiflo Oongrm, 
Australia, Proo., 1923 (1924), vol. 2, p. 1038, 1926) speaks of the * frequently 
remarked tendency to greater precocity on the part of the flora as compared 
with the fauna On the evidence of the flora he placed the lower boundary 
of the Permian in the Mid-Continent field several hundred feet lower 
than it had been drawn by others on faunal evidence. 

While it may be true, as I have suggested, that there are inherent 
divergences in rate of development and other pertinent features that tend 
to prevent perfect agreement in age determinations hosed on different 
classes of fossils, I have no doubt that most of the discrepancies that have 
led to so much controversy in the past were caused by the lack of sufficient 
facts on which to base a soimd judgment. If fossils are to be used in 
deteimming the age of a formation or stratum, the genera and species 
must, of course, be correctly identified, their stratigraphic range within 
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the area under discussion and elsewhere must be known, and there must 
be no doubt that they actually came from the formation or stratum whose 
age is in question. 

The voluminous literature on the Cretaceous and Tertiary sedimentary 
formation in the Great Plains and Rocky Momtain areas of the United 
States is filled with discussions and controversies on the age of the plant- 
bearing and coal-bearing fonnations there widely distributed. The 
discussion began nearly 80 years ago when Meek and Hayden aimounced 
the discovery of dicotyledonous leaves in the formation now known as 
the Dakota sandstone. They knew that the formation could not be 
later than Cretaceous because they had seen a considerable thickness of 
marine Cretaceous strata overlying it. Drawings of some of the loaves 
were sent to Prof. Oswald Heer in Zuricli for his opinion as to their age. 
He replied that comparison of the sketches (ho did not have the fossSs) 
with European fossil plants led him to heliovo that they were Tertiary 
and probably Miocene. Wliother the Miocono ago of the European 
standards of comparison was then well established I do not know, though 
I understand that the * Arctic Miocene ’ which later received much 
attention has since proved to be in largo part older than Miocene. The 
stratigraphic position of the Dakota sandstone was so easily demonstrated 
that its Cretaceous age was soon universally recognized. According to 
geologists who are acquainted with the overlying marine formations and 
their marine invertebrate faunas, the Dakota sandstone is not younger 
than late Cenomanian, though some paloobotanists think that its flora 
indicates Turonian. 

The Laramie problem dates back about 70 yoaiu when Hayden’s 
Geologic and Geographic Survey of the Territories, King’s Survey of the 
Fortieth Parallel, and other exploratory surveys wero active in reconnais- 
sance studies of the geology of the western half of the United States. It 
was found that fields of coal and lignite are distributed over largo parts of 
South Dakota, North Dakota, Montana, Wyoming, Colorado, New Mexico, 
and Utah and loss extensively in Idaho — States with a total area of 
nearly 800,000 square miles. Additional groat areas of the same ooal- 
hearing rocks extend into the provinces of Canada adjacent to North 
Dakota and Montana. 

Distributed over this vast area and through sediments aggregating 
many thousands of foot in thickness these ooal-bearing rooliis naturally 
did not form a stratigraphic unit, but they soon came to be treated practi- 
cally as such and wore knt>wn to many as the * groat lignitio series ’ or the 
Laramie fonnation. Tho early paloobotanists, suidi as Losquereux, 
called them all Eocene, though ho recognized slight difforoncos in age in 
some of the fields. Other geologists acquainted with limited districts 
in which tho evidence of earlier ago soomod to thorn clear insisted that 
they are all Crotacctrus. Neither group was right. 

Gradually, os more refined stratigraphic and i>aljeontologic studios, 
often accompanied by <lofcailed areal geologic mapping, have boon extondod 
over a large part of tho area it has boon domonstrated that some of the 
coal -bearing rocks in question lio low in tho Ui>por Crotaceoua and are 
of Turonian or possibly even oarlior ago ; that others are intoroalatod at 
intervals in tho marine Upper Orotacoous column up to its very top os 
locally developed ; that higher in tho section tho Fort Union formation 
contains a well -do vole pod somowhat primitive mammalian fauna which 
the vertebrate paleontologists call Paloocorro ; that still higher coal- 
bearing rooks include tho Coryphodon zone and associated zones with 
more highly dovoloi)ed mammalian faunas universally recognized as 
early Eocene ; and that non-marine (fresh- and brackish-water) inverte- 
brates, when discreetly xisod, may often servo as effective guides to strati- 
graphy and correlation. 

In much of the area over which the Lararaio was once such an insistent 
problem the question of tho exact location of tho Crotoceous-Eooene 
boimdary is now confined to a few hundred foot of sediments, and there is 
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promise of an early amicable agreement based on a summation of evidence 
from all possible sources . When faxmas and floras now known in the Upper 
Cretaceous and Eocene of the western interior region of the United States 
are all fully s1/l^died and described and the stratigraphic ranges of the 
species accuratiely recorded, North America will have a dependable paleon- 
tologic standard for stratigraphic classification and correlation of this 
part of the geologic column that may prove of world-wide usefulness. 


5. Pbof. T. D. a. Cockerell, Boulder (Colorado). 

Animals are in general much more complex organisms tlwm plants, 
and thus they present more definite structures which may be identified in 
fossils, and usually evolve or change more rapidly than plants. Fossil 
plants are commonly known by the leaves or stems, the reproductive 
structures, as the flowers, being less often preserved. Animals are more 
motile than plants, and frequently the fauna of successive strata differ 
mainly in the presence of organisms which were actually contemporaneous 
with both, but had not reached the locality until the later roc^ were 
laid down. 

We have in Colorado two formations, the Green River Eocene and 
the Florissant shales, each containing very many preserved insects. 
Although there are some plants which seem to be common to both forma- 
tions, or at least not distinguishable from the vegetative parts preserve^ 
there are, so far as we know, no insoots occurring in both. The Florissant 
beds are assumed to be Miocene and therefore much younger than the 
Green River. One of the main features of the Green River insect fauna 
whereby it differs both from that of Florissant, and from that of modem 
Colorado, is the presence of numerous prettily marked Fulgoioid 
Homoptera, looking like moths. Now such insects abound today in the 
Indian region. If the present faima of India were fossilized and both 
it and the Green River beds were viewed from a time in the remote future 
an argument might well be made for the view that they were 
contemporaneous, though it would be entirely fallacious. 

In the Pennsylvanian rocks (Upper Paleozoic) of North America 
are numerous plants and insects, the latter mostly cockroaches. 
plants represent a fairly uniform flora but every insect horizon contains 
different species. This does not mean that the successive horizons neces- 
sarily represent so many successive stages in the evolution of these insects. 
It is probable that the differences are in large part due to migrations. 
Whatever the cause, however, the insects are certainly much more delicate 
horizon-markers than the plants. 

One objection to the use of animals for stratigraphy is that the terres- 
trial species, at loast, are not so oftexi preserved, and hence their absence 
from the rocks does not moan that they did not exist. It is evident from 
the study of insect fossils that tho loading modem genera were present 
in Eocene times, but frequently they are known by single specimens or 
wholly absent from collections made at various places and in various 
horizons. The fauna as a whole must be used in forming judgments, 
and single species or groups of species may be misleading. At Florissant, 
the numerous Bombyliid flies are all of extinct genera except two ; but 
the AsUidfla or robber flies from tho same rocks, also numerous, belong 
to existing genera. There are many contrasts of this sort. 

Tho rapid evolution of the mammals in Tertiary time is exceptional, 
and here^ wo do have clearly discernible evolutionary sequences, often 
quite decisive for stratigraphy. But many creatures have become extinct 
at periods which can be approximately ascertained, and thus this presence 
is of value in determining that rooks are at least no younger than such and 
such a date. We can also use for dating purposes the arrival of animals 
in a new region, as migrants from Asia to America (such as the elephants) 
or from South America to North America (such as the sloths). 
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6. Pbof. Edwabd W. Beery, Baltimore. 

Historically the standard geological time-table was a gradually built 
up patchwork of lithologic units or groups pf units and usually a long time 
elapsed before they received a paleontologic basis. The major divisions 
or periods of time were at first the names of what we now caU systems of 
rooks and geologists were slow to recognize that a system at its type 
locality always represented a shorter time than was connoted by the 
period which bore the same name as the system. 

Stated another way it was the time breaks in sedimentation which 
bounded a system at its type locality which in the first instance enabled 
geologists to recognize it as an entity, but which subsequently occasioned 
most of our difficulties of correlation, when sediments were discovered in 
other regions representing the whole or part of the time that was not 
represented by sediments in the region where the name was first applied. 

In addition our accepted scheme of geological chronolog 3 '' has certain 
handicaps due to the circumstances of birih. Historical or stratigraphioal 
Ideology may be said to have passed through its infancy and adolescence 
m western Europe and it is certainly not a new thought to contemporary 
geologists that if it had grown up on any other continent it would nob 
only nave been a very different scheme taxonomioally, but would probably 
have been a better scheme. 

Looking back at the really great achievements of the founders of our 
science and without wishing to detract one iota from their well deserved 
renown, I ask the rhetorical questions, would anyone today think of going 
to Wales to study Cambrian history or even to the land of the Silures to 
get the best notion of Silurian history ? And if the concept of a Oarboni- 
%rou8 system had grown up in Kussia or the Mississippi Valley would we 
not have had a much more logical sequence ? Would there even have 
been a Jurassic system if geology had grown up in the United States ? I 
mention these things because it seems to me that they inevitably point 
to what the geology of the Indian empire shows so plainly, namely : that 
the syntheses of the so-called geological philosophers, with their cycles 
and epicycles of diastrophism and their rhythmic orogenies, are fore- 
doom^ when extended beyond provincial developments in an attempted 
world-wide application. 

It W€W inevitable from the days of William Smith that the stratigraphic 
invertebrate paleontology would become the international standard, 
although most geologists would probably agree to what Lyell phrased 
BO succinctly, that invertebrates were the hour hand, vertebrates the 
minute hand and plants the second hand of the geological clock. Marine 
sediments aro so m\ich more general in both time and space, are so much 
more favourable for the preservation of fossils and in general so much less 
liable to be destroyed by erosion, that it is quite futile to hope for a geologi- 
cal time-table based on other criteria that will be as useful or as usable. 

Since, then, it is the succession of marine sediments and their contained 
faunas that are the basis of stratigraphic taxonomy, it follows that conti- 
nental Bodimonts which are the chief normal depositories of land animals 
and land plants will generally occur at the beginning or toward the end 
of our standard periods, or in tho intervals between the marine sedimenta- 
tion of the epicontinontal or shelf seas. 

Most of tho ciontroversial questions of stratigraphy have their origin 
in these oircumstancos. I may mention the Ozarkian, Hercynian, Permian, 
Rhsetic, Woaldon and Laramie as intersystemio problems of this sort, and 
there are innumerable ones of lesser magnitude involving formational 
boundaries. 

It has been my experience that no group of organisms, either animal 
or plant, however conservative they may be, are without stratigraphic 
value or aro discrepant with other groups. I well remember how useless 
for chronology Poraininifera were considered a generation ago, os a result 
of the long range broadly considered and variable forms of the Challenger 
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monograph. In recent years I imagine that commercial companies have 
paid more money to students of Foraminifera than to any other 
peilseontologic specialists, whereas the close relatives of the Foraminifera, 
the Badiolaria, are but little used and are suspect, largely because they 
are a tool that no one has learned to use with stratigraphic precision. 
Diatoms are still considered of slight stratigraphic value but are proving 
to be of great value in the hands of Lohman of the U.S. Geological Survey. 

Instances of this sort could be multiplied indefinitely. In the hands 
of an expert who knows both the words and the music any class of fossils 
will be found about equally serviceable. The tradition that plant fossils 
are inferior to animal fossils in precise chronology is based on a variety of 
circumstances not the least of which was the lack of understanding of some 
of its most conspicuous practitioners. 

Another large factor was the contemptuous attitude of such out- 
standing systematic botanists of the floral morphology era as Benthanx 
and Hooker. Much of the material for stratigraphic palinobotany and 
certainly the bulk that is sufficiently frequent in the geological record to 
be of any chronological service, consists of impressions or inclusions of 
detached parts, largely foliar. Quite obviously the impression of a 
sterile fern frond, or a oycad frond or an angiosporm leaf, is not in quite 
the same category as the shell of a brachiopod or an ammonite, or a skeleton 
of a reptile or mammal. 

What is usually forgotten by critics of pabnobotany, and this is 
especially the case in those horrible examples sot forth by critical writers, 
of the similarity of diversely related modern plants, as if the poor paJeo- 
botanist had to choose between a oalamito, an equisetum, a frenela, a 
casuarina and a polygonum, or between the leaves of 100,000 or more 
species of dicotyledons. 

I venture to think that plant parts are quite as precisely recognizable 
as any other fossils even if it be conceded that they are identifiable with 
less certainty, and I would maintain that they would serve as handmaidens 
for stratigraphy about as well if they wore numbered and remained 
unnamed, just as busy mioropaleontologists in their commercial work 
frequently number instead of naming their horizon markers. 

I do not mean to imply that the goal of pabcobotany or even of strati- 
graphic palocobotany is on this low plane, and I would expect foliar features 
in general to be more conservative than most parts of the plant organism, 
and as having less selective value and hence less liability to change than 
floral or anatomical features. I may instanco the giukgophytes or oyoado- 
phytes as preserving their essential foliar features over eons of time. 
Certainly the oycodophytes have retained rather stereotyped foliar charac- 
ters from the Carboniferous down to the present and during that time 
have shown great changes in stem anatomy and a still greater change in 
their floral morphology. 

Palajobotany stUl suffers from the systematic optimism of a Heer or an 
Ettingshausen and from the habit of comparing fossil plants with pictures 
of fossil plants in the worlds of the founding fathers. When the palueo- 
botanical riches associated with the late Cretaceous and early Tertiary 
coals of the western interior of North America commenced to flow into the 
hands of our Amerioan pioneer pabeobotanists — Losqueroux, Dawson and 
Newberry, they identified many of them by thc^ pictures in Heer’s monu- 
mental work on the flora of the Swiss Miocene (so -called) or Heor’s Arctic 
Miocene (so-called) and considorod our so-called lignitio as Miocene, 
In the same way Lesquereux determined the first plants from the Wilcox 
group of south-eastern North America, the plants to which I have devoted 
so many years, as Miocene, although they arc really lower Eocene. 

The mistakes are not to be charged to the fossil plants, but to their 
interpreters. Quite early in the history of geologic exploration in our 
West when the boundary between Cretaceous and Eocene was being 
bitterly debated, the vertebrate palaeontologist Cope advanced the idea 
that plant chronology was diCferent from vertebrate chronology and that 
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what might be called the ago of flowering plants started in the mid-Oreta- 
oeous, whereas the age of mammals started in the Eocene and it was 
implied that the flowering plants had undergono but slight changes since 
those far-off mid-Cretaceous days. 

It is true that dicotyledonous leaves in some abundance appear in 
the record toward the close of the Lower Ci’etaceous and continue to the 
present, but they are at lirst associated with a largo number of surviving 
genera that might be called Jurassic tyj>os, and many of these do not 
disappear until the close of the Upper Crotacoous. 

In south-eastern North America which is strategically located at the 
gates of the American tropics, and whoso Cretaceous and Tertiary land 
was a part of that larger segment of oastorn North America which had. been 
above the sea since early Carboniferous, there are abundant and well 
preserved floras throughout the Cretaceous and earlier Tertiary, which 
I have had the privilege of studying for the past thirty or more years. 
The uppennost Cretaceous in this region with pnjlific marine faunas is 
the Ripley formation which in clay lonsos formed in coastal lagoons along 
the Ripley coast has furuishod 1J15 8])ecios of fossil plants in 71 genera, 
40 families and 28 orders. It is overlain by marine lower Eocene which 
is in turn overlain by tho transgressing formations of the Wilcox group. 
The Wilcox flora is an unusually large one with about 550 described 
species in 182 genera, 83 families and 43 ordeiw. There are 28 genera 
in the Ripley which arc unkiu)wu in tho Wilcox and if the latter flora is 
compared with earlier Upper Crotacoous floras of tho same region about 
40% of tho genera known in those earlier floras are extinct before the 
Eocene. 

There are 84 genera roprosonted in this lower Eocene Wilcox flora 
which have never boon found in any Upper Crotacoous flom in this or any 
other region and tho vast majority of those are dicotyledons, and the 
species are all different. 

It would seem that tliis brief r4smn6 without greater detail justifies 
the statement that tho dawn of tho Kocono marks a great modernization 
of terrestrial floras, and that thoso floras show quite os marked a contrast 
when compared with Upper Crotacjoous as do the terrestrial vertebrates 
or the marine invertebrates. 

A well documented volume ctnild bo written on this subject but 
suffloiont has boon said to illustmto my point of view for the purpose of 
the discussion. 


7. Pkof. W. CloTjrAN, Borliti. 

Die licdmtuntj der Ptddohotanik ala •mllwviii(jva almtiyraphwchcM 
HilfamitlvL 

Anf dom IritorjuifionuUui Uof-anischoii Koiigi'osH in Cambridge — 
England, U)30, halxs ifh iibtu’ ditwJH Thomu im allg<^meiu(ui gesprochon ; 
dor Vortrag ist in dor IVihuvuUdogiMchou ^joitschrift (13, 11)31, S. 298) 
verbffoutlU'.iit wordon. Dor Auffbnhu'ung dos PrilHitlontiui dor Xlotanisohon 
Soktion dim ‘ Inilian bciouco Congross ’, zu dor Tagung anlilsslioh des 
25, dubililums oino dioso Fragi^ kura bolmichtonilo Mittoilung boizuB- 
teuoron, loisto ich hiennit. Eulgo. .Irisbosondoro crfitllo i<)h hiormit oinen 
Wunsch von Prof. >Sahni, wivin iiXi don Wort dor foHMilon l^flanzen als 
Lcitfosttilien auch hu VorhuHniB zu don Angaboti dor Palilozoologio und 
tStratigraxjhio ins roc.hto Lioht riicko und oinzolno mir bekann^ Eftlle 
aufzidgo, bei donon <lio Paltlozoologon odor >Stratigrai»hon und die 1-^ala^* 
botaniiti'r voi*fichiedonor Moinung waren, die PalS.obotaniker abor Rooht 
bohiolton, itidom sio sick folijarkhtig aiif die von don fossilon l^flanzon 
gcbotouoa Eaton stiitzton. Sian flndob bis houtzutago dio Anschauung, 
(lass dio auf Crunil dor fossilcii Flora goniachton stratigraphisohen Angaben 
unsirhor scion und dass nitui sich aufsii^ nicht unbodingt vorlossen kdnne, 
insbesondoro, dass sio gogonuber dencm dor fossilon Favina zuruckzutreten 
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batten. Insbesondere, wenn von Seiten der Palaobotaniker uyid Palao- 
zoologen fiber dieselbe Schichtenfolge Aussagen vorlagen, verdienten die 
der Palaozoologen den Vorzug. Das ist nur insoforn begriindet, ala die 
Mehrzahl der FossiUon uberhaupt tieriseher Natur ist imd daher die 
Qliederung dor geologisohen Formationon sich im allgomoinen auf die 
fossile Fauna stiitzen muss, Richtig ist woiter, dass eino Erkennung so 
gering machtiger Horizonte, wie sie z.B. auf Grund dor Aminoniten im 
Jura ausgebaut worden sind, auf Grund der Pflanzen-fossilien in pfianzen- 
fiihrenden Ablagerungen niebt moglich ist. Deim os handolt sich bei 
diesen fast immer um terrestrische Ablagerungen, die in gloichon Zeitrau- 
men in grossorer Macbtigkeit abgelagert worden als gloicbaltrige marine 
Scbicbten. Es gibt jedocb viele FMle, wo gar koine Fauna — ocler keine 
borizontbestimmende — ^vorbanden ist, uiid dann iniisson dio otwa vorban- 
denen Pfianzen allein den Aiisschlag gebon. Seltou kann man aucb ganz 
bestimmte, wenig mfi.chtige Schicbtenfolgon an eiuer oinzelnon Pflanze 
erkennen, Dios ist nur in begrenzteii Gobu^ton inbglieh wo bin und wieder 
ein derartig bescbranktes Vorkoinmen von Arten konstatiort worden ist, 
wie z.B. das dor Neuropteris Bogdanoviczi iii der hdcbston Randgruppe 
Obei’schlesieiis (vergl. QotJian, Ob. Schls. Stomkobloniiora I, 1913, S. 211 
und Qfopp, Arb. Inst. Pal., 3, i, S. 56). Richtig ist nun allordiiigs, dass 
die Pakiobotaniker manchmal selbst durch Angabon auf (Innul iingenauor 
Kenntnisse der Einzelheitou dos Vorkommens dor Arten in den botreffenden 
Regionen vorlaufige und dann sich oft als unrichtig orgoboiulo Angaben 
geraacht haben. Das sind aber Felilor, dio init doin Grundsiitzlichen der 
Sache niohts zu tun haben. 

Gehen^ wir jetzt zu einigon Boispielon iibor, dio dio Richtigkeit 
pal&obotanisch — ^stratigraphischer Angaben zoigon. ’^Ir kCnnon hier 
gleich bei dem genamxten Oberselilesischen Steinkohlonbeckon bleiben, 
das, nacbdem Oothan das dortige Karbou 1913 paiaobotauisch neu 
gegliedert batte, bis in die neueste Zeit fortgesctzt Gegenstand sowohl 
pal&obotanischer als paiaozoologischer Studion gowoaen ist. In unsern 
Beispiel handelt es sich speziell um dio Stollung dor oborstcn Rand- 
gruppe, dor Scbicbten unter den niilchtigen Sattolfldzon, wo sich die 
jungsten inarinen Scbicbten des Bockens bofindon (l\>rubaer Stufe 
der Ostrauor Goologen). KUbelsherg batte im Jahro 1912 auf Grund 
seiner XJntersuchung der inarinen Fauna dio Randgruppe im allgemeinen 
mit dor Magerkoble des Ruhrroviers vorglicdion. Aucb noch spater 
finden wir bei den Kennem der Goniatiton, die ja ilhnlic^h don Ammoniten 
im Jura in der Karbonstratigraphio eino besondoro Iloilo spiolen, 
die Ansiebt, dass die obere Randgruppe wogon doH Auftretens des 
* Gaatrioceras circuninodosum ’ mit doin Finofrauhorizoni dos Ruhrroviers zu 
vergleiohon sei. Da auf dem orston Hoorlonor Kongross 1927 zwiseheii 
(len Paliiobotanikorn and Palilozoologoii gar koine Einiguiig rnbglioh 
war, inciem dio erston fiir tiofes Namur dio aiidorn fiir untei*c)H Wostfal 
A waron, wurdo dio Diskussion damals uufgolioben. Bei cion spiltoron 
XJntersuchungGn hat sich aber heraiisgesk^llt, daHw dio BostimTiumg jedos 
Goniatiton auf Grund oinor alton Abbildung fulwcrh war ; dio Paliiobotanikor 
haben voUstiindig Rocht bohalton, was jetzt von alien J^^achgonosseu 
oinbeUig zugogoboii wird. Bei diosor Golegenhoit kann man no(!h oinmal 
bemerken, was ich fruher schon gosagt babe, (Iubh die SchichtonboHtiminung 
auf Gnind von paUlozoologischon und palilobotanisclum Bofunden 
zuaammm, weim die Vorbaltnisse selbor os zuIubboh, orfolgon sollto, dass 
aber boi beidon Foi'schungswegon dassolbo heraiis koinmeu miisHo. Ein(i 
Gloichung kann oft auf vorschiodouom Wogo goloBti werd(ui, das Rosultat 
muss aber das gleiche sein, odor dio eino il(M*.hnung ist falBch, und man 
muss don Foblor suchen. 

Ein zweites sehr lohrroiches Boispiol bildot dio Botoiligung dor J^al^lo- 
botanik an der Strati^aphie des Harzos und Heinor Fortsetzungen, sowie 
von Teilen des Rheinisohen Sehiefergobirgos, doB Kollorwaldes usw. 
Auf die lange Goschiebte der Entwicklung dor Harzstratigraphio, an der 
zahJreiche Forscher von hdhem Rang botoiligt sind, kaim hier nicht 
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eingegangen werden, sondenx os konneix iiur hier beaondors intoressierendo 
Punkte herausgehobeii wordeix. Da ist zunachsfc die sogenannte Tanner 
Graiiwacke dos Oberbarzes, die nach vielein Hiii iiixd Her von den iin 
Anfang des Jahrhiiiidorl’s inassgebc'ndon C Jeologon wio Losse7i. Dcnckmann, 
KayaeVi Koch luid Bcuahauscn als Hiluriatdx aiigOBohou xind scliliosslich aucli 
von H. Potonie in seiner Flora des Sibil’s luxd Kulms ’ 1901 als siluriscb 
aufgefuhrt wui’de. Er hat.to sie urspninglioli und zwar riclitig als ober- 
devonisch angesprocheii, was boi ihr als oincr otjhtoii Cyolowtiginon-Flora 
durchaus riclitig war, hatte sich abor von doii gonannton Goologon ixber- 
stinxmen xxnd ubei’zeiigeii lassoii. Spiiter hat er allordings dieso Ansicht 
wieder zuruckgenonunon. Durclx die nouoren Untorsuehnngon dos Harzos 
bosonders von Sohrid nixd JDahhjrim^ nxit denon ich dio Saclio sohr 
oft besprochen liatte, ist dio Saidxlage vollstiindig geiindort wordon. 
Das kommt sowohl iii deni ‘ Harzfiihrer ’ von Sehricl nnd DahUjrun 
(I. Toil, 1925, S. 135) als auclx in don ErUlutorungbn der nouou goologischon 
Blatter zum Ausdruek, soweit sie aidiou ersiiliionen sind. In dom gonann- 
ten ‘ Fuhrer ’ erselioint dio * Tannor (?rauwaeko ’ nooh als Uutorkarbon. 
Die Autoren sind dann abor imvh deux Erschoinon dos Fiihror vom obor- 
devoixischeii Alter dioaor Sohichton iiborzougt wordon, wio sicli aus den 
Erliluterungen orgibt. Fiir den PalAobotaniker nuissio dies boi deni 
Vorhandensein dor Oyelostiginon von voruhoroin feststohon, wie auoh 
Natliorst bald naeli Ex*Hehoincu dor Potonii-^^chf^w ‘ Silur-und Kulrn 
Flora ’ bemerkt hat. In don Krliliitorungon z.l$. zu Bl. Zorgo (Liof 282, 
1 S. 17 ff.) ist dio Tanner Oranwaidte als Obordovon aufgonomnxen. 

Die erste Broscho in das ‘ Silnr ’ der alteren Harzgeologen wurdo 
iibrigens nicht im Harz solbst gelegt, Koudern boi dor VorbtrontUehxiiig dos 
goologischon Blattes Sehtinebock init don Quarzittnx von Gommorn im 
Jahre 1924 (s. Erlilutoningen Bk Selxdneboek, S. 11). Diesor Quarzit, 
dor von Denokinnuu durchaus richtig mit dom Ackor-Bruohborg 
Quarzit des Harzes imd <leni Kellerwabl-Quarzit in Vorbindung gobracht 
wurde, gait wie die andorngonaimton Scdiichton und wie sich auoh aus 
H. PotoniPa ' Silur-uud Kulni-Flora ’ orgibt. idioufalls als silurisch. Auf 
eine Anfrage dos friihoron PrilHidonton tier PrtHissisohen Goologischen 
Landesanstalt lie.yachlmj iiber dio Moiuuixg dor Balftobotanik voin Alter 
der Gommonier Quarzite, niussto ich die Antwort ortoilen, dass dieso nur 
als unterkarbouiscli botratrlitot wertlon konnton, und zw^ar wt^gen dt^s 
Vorkommons vorschuHlontu* ArchaoopteridtnibUiitor und von zwoifcllosen 
Btigraaria-reston. Daraufhin wurde auf d(^r goologischon Karto dor 
Quarzit geger die Moiming vorHchiedeimr audt^rer Goologtni als unterkar- 
bonisch gokeixnzoiohnot. Daniit war abor zugloicdi dio Frago aufgorollt, 
wie os nun mit dom Acker-Bruchborg nnd llBoriburgc^r Quarzit. iin Harz 
selbst und mit tloni gonunnttni Kollorwaldd^juarzit boi Wildungon soi, 
dio oboixfalls als sibiriHch gallon. Da vein A<;kc3r-Bm(thborg ebonfalls 
oiudoutige Stigmariarosto) vorlit'gtnu ho war fdr den l^aliloboUwiikor dic3 
Antwort von vonihortjin gegehtwu was ja auoh boi dor boroitn tirkauntfon 
Gloichalirigkoit mit deux Ueinmorrmr Quar/it folgt^rit^htig war, nilinlich dasw 
auch diosor untorkarboniHch soi. lin dtnn bortnlH gonannttni * Fiihror’ 
(1. S. 124) iHt dio Frage nooh eiTtni gtdaHstui und <lio Meinung aiiHgos- 
prochon, dans sioh (h^Htoino v<3rH<3hio(.l(vi<!*n Alttu-H in dtm Quarzitori dos 
Ackor-BruchborgH befindon Idhinten, Auf <lor gtvilt^giHohtui Uborsicjlit- 
skarte dos Harzos (1: 2()().0n0) sind din Schic.hton als ‘ obt^rdovonisch ’ 
bezeichnot. Naoh dtmi iialfiohotaniHchou Ih^ftind, sind Hi<3 wonigstons z.T. 
als unterkarbonisch wie dor (lonuuonHU’ Quarzit anzusohtni. In don 
Hiehor gloichaltrigen Kollorwald-Quarziton lint dann spattT H. Hchmidt^ 
Oottingon. oine mik.rknrh(>niackc Fauna nachgewioHon, weduroh dio Frago 
im Sinne dor Paliloholranikt^r orlodigt ist. 

Nur wor weiss, was fiir Ktlmpft» dio Barzgoologii^ itn Laufo d(»r Zoit 
gokostot hat und win z.B. auoh itth inich rnit dtm I larzgoologon hoj’urn- 
streiten niussto, dio urspriinglich jiitdxt zu iibt^rzougen waron, kanu di(3 
WohwierigkGxt tier StoUung oinos l^aUlobotanikors beHOiidors gogeniiber 
dor friihoron ‘ Silurfroiit ’ angosohonor (jleologtui vorstohon. Dio Botoiligung 
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der Palaobotanik hierbei ist in. der Literatur rolativ wenig in die Erschein- 
ung getreten (vergl. n.a. SchrieUGothan, Jb. Prouss. Geologische 
Landesanstalt, 48, S. 302 ff), and deswegen ist violloiclit diose kurze 
historische Darstellang von besondorm Intorosso. 

Weitero Beispiel© in dieser Frage bietoii das Rubrrovior und seine 
nordlichen Anhangsel, (IbbenbCiren und Piosberg) sowie seino westlichen 
Fortsetzungen, das Erkolenzor and Aachoner Karbon. Das Huhrrevier 
ist ein klassischos Boispiel fur die Giiltigkoit dor Hilt-schon liegel, die aach 
im wesentlicben auf Grund der dortigen Verbaltnisso aufgostellt worden 
ist, Sie besagt, dass normaler Woise in Steinkohlonablagorungen der 
Gasgebalt, d.li. der Gebalt an flucbtigGn Bostandtoilon dor Kohlenfloze, 
von oben nacb nnten albnahlich abnimmt. In koineiii andem Beckon 
kann mit soloher Regoknassigkeit eino Abnalnno dos Gasgobalts der 
Kohlen von oben nach unton nachgewioson werdon, von Kohlen mit 40% 
Gas bis zn Halbanthraziten mit 10% Gas and noch wonigor in don Kohlen- 
spuren des Flozleeron,. Daraus orgab sich fiir die Geologen cine obenso 
bequemo wie billige Methode die Scbichton im Ruhrbeekeii odor dessen 
ndrdlicher Fortsotzung, in dem Munsterschon Kroidobeokon, in Bohi*ungen 
za horizontioren, indem oinfach der Gasgohalt dor Fldzo fostgostollt wurdo 
und damaoh die Horizonte, die ja im Rahrrevier sogar nnch dor Kohlenart 
benannt werden, so dass hior oino blosso Kohlonqiialitatsbozoiohnung za 
einem stratigrapbiscben Bogidff gewordon ist. Boi don Vorsuchon jedoch, 
dieselbe Methode in den losgeldsten Anhangsolu des llalu’beckons, nament- 
lioh bei Ibbenbhren und dem Piosberg sowio aiich boiin Erkolonzer Korbon 
anzuwenden, ergabeii sicb voUlcommeno Fohlschliisse. Die mageren 
Kohlen von Ibbenburon und die Antbrazito dt^s Piosbergs galton bei 
den alteren Geologen als womoglich noch tUtor als die Magorkohleu dos 
Ruhrbezirks. Die Pal&obotanik ist es goweseii, die mit diosou IrrtOmeia 
aufgevaumt hat ; Cremor hat schon (Gliickatif 1805, S. 120) die Bachlage 
riohtig orkannt. Der riohtigo Anschluss dor jotzt isoliorton karbonisohou 
Horste oder Aufpressungon von Piosborg-Ibboiibiiron ist erst von Haach 
und viel spater naohgowioson worden (Gluokaiif 1924, No. 26). 

Der sogonannto Horst von Muhl-Wassonborg im Erkolenzor Karbon 
war ebenfalls auf Grund dor Magorkeit dor Kohlen viol zu tiof im Schicht- 
enverbond angesetzt wordon {Krusch und Wiinttlorf, Gliickauf 1907, 
No, 16), Dio Palaobotaniker (Jomjtnam, Gotfian) habcn die Irrtimdioh- 
keit dioser Auffassungon auf Gmnd dor Flora naohgowieson. Cbrigens 
vertraten fiir das Aachoner Karbon inancho ik^rglonte uot*h ziomlich sp&t 
die Anschautmg, dass die mageron .Kohlen (k^s Eugfultungsbozirks im 
Wurmbooken dor tioforon Magorkohlo dos Ilulirbockons ontspraohen. 
Hier hat obonfalls die .Flora (ziisamniou mit audoru Umstaudcn) deu 
riohtigen Weg gowiosen. 

Wie primitiv manolunal die Auffassung mauehor Geologen im Anfang 
des JahThiindorts liber clio stratigraphiHchen Mi)gli<;hkoiton dor fossilen 
Flora war, soi an eiuom Boispiel oinor juraBsisohou Kohlo aus China gozeigt, 
das ioh selbst orlobt habo. Aus dom Kolilonvorkoininou von Pingsliiang 
(verg, z.B, Sze, Mem. Nat. Res. Inst. Geology, Nil, 1931, Nanking) 
erhielton wir um das Jabr 1904 dnrch don Ingoniour Lutz cine Sendung 
von Pflanzen und Tierfossilion. XJntor don lotzton bofnnden sioh auoh 
Siiss-odor Brackwassorzweichalor vorn Habitus dc'r Carhonicola-kxion, 
deron allgomoiner Oharaktor sich jain den p()Htkarl)(>niH(.dieu Formationon, 
auch im Jura, Wealdon (Cyronon) nicht goradc^ orheblich vorandort hat. 
Das kohlige Aussehon dioser Muscholn luid dio Ahnli<dikoit mit den Oar- 
honicola-j^ton des Karbons brachto oinigo hioHig(.*i Geologen auf dio Idee, 
es handle sicb um karbonisch© Kohlon, \iud ieh eutsinno mich noch sehr 
genau, wie H. Potonii und ich damals Miiho liatten, <iio botroffondon 
Herron zu uberzougen, dass das Vorkommeu von JJictyophyllum, von 
grossblattrigon Oladophlehis — ^Arton wichtigor soi, als die nichts oder 
wenig besagendon ‘ Antbracosien ’ wio dies© Muscholn damals meist 
genannt wurden. Dabei kam aber violloicht bei don Geologen dazu, dass 
sie dio Kohlen gern als karbonisch abgesteinpolt hattoxi, weil sio meinten, 
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dass damit liber die bessoro Qualitat- otwas ausgosagt sex. Ahiilich war 
es mit gewissen Jurakohlon von Sclia»txing» doi'on jurassisches Alter 
gewissermassen verhoimlicht wurdo. Daas aber Jnrakohlon luxd auch 
tertiare Kohleii so gut soin konneii wio karboiiisclie, ist ja jetzt wohl 
allgemein bekannt. 

Ein weiterea Boispiel fur unsoro Frago biotot die Geschichte dor 
Stratigraphie dos grosson Kohlonboekona von Kuziiozk am Altai. 
W&hrend wenigstens fiir den oixoroii und wiehtigstoii Schiclitontoil der 
palaeozoischen Kuznozkor Kolilenformation. bosondoi’s auf Grund des 
Vorkommens von Callipteridon die Palaobofcanikor aich fiir pormisohes 
Alter aussprechen mxissten, konnteii aich die Palilozoologon mit diosom 
Standpunkt nicht bofreundon nnd setzton die Schic&eii tiofor ins 
Karbon auf Grund der Fauna. Ks ist mir nicht bekannt, wio sich 
augenblicklich die Palaozoologon dazu oinstollon. Dio Frage diirfto 
nunmehr endgiiltig zu Giinstm dor Palilobotanik outsohiodon sein durch 
den Vergleich mit dom von Hexdl festgostollton Profilen in Nansohan- 
Gebiet (Prov. Kansu, nordoBt-liohos Tibet). Hier wurdo naoh der 
voriaufigen Vordffoutlichung von Bexdl und Halle fostgostellt, dass die 
Schichten mit Angaraflora (Kuznczkor Flora) nnd zahlroichen Callip- 
teriden tiber Schichten mit tyjiisclxer Oiganlopierift llora, wie sie im dstlichen 
Asien bekannt ist, lagern. Dieso ist von Halle st^hon friihor und ganz 
sicher mit Booht als pormisch l)oui*toilt wordon, was nooh spiitor \md 
jetzt vor kurzom durch GaUipterift-Ynmlci in Sohansi bost^itigt wurde. 
Danaoh diirften die Shihhotze-Schiohton dos Proflls von Sohansi dem 
unteren Perm (Rotliogonden) angehdron ; dies botrofron<l(nx Angaraschichton 
von Nanschan konnon abor unmoglich als karbonistdi golteii, sondem 
miissen jiingoron Schichten dos Penn angohoron und doingomfibss die 
betreffenclen Schichtonpakete vdu Kxxznezk auch (Zono II von Ncuburg), 

So darf man au(ih denn Figcibnis dtjr Uritorsuehung dor Spiti-Pflanzen 
aua don Po-Schichten <1 <?h Jliinalaya, <lio Gothati und Uahni als untorkar- 
bonisch bostimmten, dundians GIhuIkmi Hchenkon, zurnal eigontlioho 
Gegengriindo palilozoologischor Art uicht vorlicgon. Ein mittolkar* 
bonisohos Alter, d,h. also otwa Wostfal iin Sinne de^r Hoerloner Boschliisse, 
wio es bishor mit Vorliobo angimommem wurdts ist abzulohon. 

Dafiir, dtxss aiujh iiti MoHozoikiun inaxKthrxial imtor ontsproohonden 
Umstanden Flor(infelg<ni axi don vorschi<H,IonHtoxi Stollon dor Erdo sich 
stratigraphisch sohr branchbar zoigon, kann dio Gloichartigkoit dor Folge 
der Rhat-und Liasilora in Sehoiuni uiul Ostgrdnland genannt wordeu ; 
hier sind bosouders die Arbtnien vou Harris zu uonneii. Hier wio dort 
Itot sich uborcjinandor uuscdiwor eiiie rhatischo xirul untorliaBsischo Stufe 
untorschoidoii, dio tiofere iiiii,(vr aiuh'nn duredi LepidoptvfiH Ottoyiia eharak- 
terisiert. Harria unkirscluMdei. eitu^ rhiltiHclm Lepidopteria* und oino 
liassisoho Thaiiwatojn'rh-Htui'i^^ die sich in ganz illmlichor Weiso in Sohonon 
wiederfinden. 1914 wurdoii vou (IoMmiu in Fraxikon dio botrolfenden 
Sohichtou gaixz iihuUch gofviiidon und unUnwdueMleri und daraufhin dio 
sogonoxmto * Rhatflora ’ von 'Krankeu als liuHsiedi bez(n(dinot und fe^mor 
dio ivcjrA/Zop^rm-SchicliUMi von Kohurg und OlMTScliIoBion als rh&tisch 
angosprochon. Woilere Ohnrakt'rp/lanzeni mtigon in eUm Arboikm voii 
Nathoratf Harris arid (lot/um nachgoloson wejrdon {Natkoraty Floron vxd 
Bjuf. Svor. Geol. IJnden-Hdkn. (U l^o. 27, n, 85, 1878-80 ; Ooihan Abh. 
Nat. Gos. Nilnxberg, 19 , 1914 ; Jlarria^ Hhaestio Floras, BioU>g. Roviows, 
6, No. 2 , s. 13a, 1931 ; (hthan, Ziscdir. 1 ). Geol. Qoh. 87, 1935, No. 10). 

Auch im Tortiilr Mitkddtuitseddands spiedt <li(> l^ililobotanik mohr 
und mehr oino ausHcjlilaggobenide^ Rollo, da violfach undero goniigondo 
Indices fohlon. Als Ikuspicd s<d hier dio Diircuior Braunkohlo genannt 
(Rheinl.). Schon vor inohr als 10 Jahron habo ich init Wttnstorf oino 
Gloichaltrigkeit mit dor Villo-Kohlo orkannt und vorsucht, unsoro Meinung 
fiir die geolgischo Kar<;i(^ning dtirchzudrucken. Dios gelang uns aber 
damals nicht ; erst jetzt ist in Folge dor XJntersuchungoix von anderer 
Seito dio riclxtigo Erkonntnis zurix Durchbruch gokommen und dio 
* Kieseloolith-Schicbton auf Gnmtl domx u.a, die botroffondon Kohlon 
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als Plioz&n angesprochen worden, haben jetzt zum Teil ihre Bedeutung 
©ingebiisst, iind die Palaeobotanik ist in ihr stratigraphisches Becht 
getreten. Man konnte noch mehr iiber ihre Roll© in der Einordnung der 
Braunkohlen des Mitteldeutschen Tertiars sagen. Es mag abor dabei sein 
Bewenden haben, da der Zweck unserer Darlegungon, die Wichtigkeit «ntl 
Richtigkeit der Auasageri der fosail&n. Flora in utratigraphischen Hinsicht 
auch qegenuher elwa anderslautenden paldozoologwchen darzntwi, erreicht ist. 


8. Db. Alex. L. du Toit, Johannesburg. 

Homotaxis and continental drift. 

The apparent disorepancies in the dating of formations by means of 
their respective marine and terrestrial fossils can be ascribed to : — 

(1) Uncertainties pertaining to the geological system -boundaries 
either locally or regionally, whereby correlation-errors are introduced, 
e.g. the limit between Carboniferous and Permian. 

(2) Inaccuracies in fossil identifications, the more frequent in the 
case of fragmentary plant remains. 

(3) Presence of persistent forms or ‘ hold-overs 

(4) Divergences in the evolutionary trends in sea and on land. 

(6) Evolutionary changes during migration along extended paths, 
whereby, as forcefully pointed out by Huxley in 1802, widely parted 
faunas could become ‘ homotaxial ’ instead of synchronous, correspon- 
dences in stratal successions not necessarily implying contemporaneity 
in deposition; Considering the enormous extent of the earth’s surface, 
absolute synchronism throughoxit geological history would seem distinctly 
improbable. 

(6) Convergences in faunal or floral typos, due basically to similar- 
ities in their particular environments. For example, the likeness between 
the Permian floras of Angaraland and Gondwanaland, which were both 
temperate or cold climate assemblages, contrast with those of the ro.st 
of the world, which generally had a warm habitat. 

(7) Climatic, oceanographic, orogenic or other iniluonces that have 
affected in different degrees or senses the life of the seas and lands and 
impressed themselves differently on the marino and tormstrial biota. 
Such changes are currently presumed to have been more marked or 
uneven upon the lands, where the life was subject to extreme variations 
n temperature, humidity, etc. 

(8) A further and vital factor, which has not ro(^oived attention so 
far, is, however, Continental Drift. The author ha.s elsowhero sot forth 
the numerous arguments favouring a creeping of tiio condoused land- 
mosses of ‘ Laurosia ’ and * Gondwtuxa ’ over a revolving (‘oro, on the 
whole southwards during the Devonian and (,)arb<)inf(>rouH, when the 
motion became mvorsed, with some anti-c!lo<4twiH(' rotation as well, 
Such resulted in the progressive shift across the face of the Earth of the 
main climatic zones, with consequent changes of biologic^al (mvironment 
and therefore of evolutionary infiiiencos, ospocially u|>on the lands and 
})artioularly in regard to their vegetation, whi(di had not the mobility 
of the animals. 

As an extreme case an area could well within an ci)och have changed 
from say a sub-tropical through a dry to a wot-teinpcrato environment, 
whereas in an adjoining one the reverse might have <K*.curred. The 
coals of the Palieozoic were accumulated under* either warm-moist or 
cold-moist conditions, and respectively mark out the former equatorial 
or polar sides of the two high-prossuro low-rainfall girdkw, whi(ih in turn 
tend to be characterized by continental ' 1*0(1 beds ’ phas(^H. The frequent 
association of such red strata with the coal-boaring facies finds its (explana- 
tion in fluctuation or migration of the northern and southtJni limits of 
those low-rainfall girdles. 



Part T V — Dimifim cm .<? . 


183 


The progress of such a climatic ‘ wave ’ should tend obviously to 
speed up, or contrariwise to I'otard, the normal evolutionary processes 
and thereby load to the a))rupt a]f)poaranco of new forms and/or to tbo 
preservation of old ones, as well instanced in the Triassio flora of Soutli 
Africa. 

(9) Discordances in tlio datings derived from the marine and 
terrestrial remains are hence likely, though the maximum lack in 
agmement may perhaps nowhere have oxeoedod a fraction of an epocrh — 
say a few million years or so, 

(10) Although tho marine fossils would generally constitute a fairly 
consistent geological clock, pahcobotanists should have no hesitation 
in stressing the plant evidonco should tho latter be weighty, althougli 
at variance with the (conclusions currently drawn from tho assocdated 
marine faimas. Thus for certain strata (jornmonly i-oeorded as Lower 
Permian from their fa\ina, their flora is wholly indicjativo of a late 
Carboniferous ago, sucih apparent discrepancy being largely due to the 
upper limit of the Carbonifcwoiis having t'onsistently bet^n drawn at a 
lower level than is done by the Russian gi'ologists for thc^ tyj)e n^gion 
of tho Permian. 


9. Prop. H. C. Szi5, Nanking. 


D?e Memurtgsverscliiedmhett zwhchm Palaeozoohgen vnd PaUtooholanihpr 
tieher die AUernfraije, 

Die Meimings\'(M’schi(*d<u»hoit /.wisclum Palaozoologon tind Palaoo- 
hotaniker fiber die Alh^rsfragi^ ist hoi uns genau dass(dl)e^ 8o z.H. fiber 
da.s Alter der Oigatd(>i)fen}t-¥hm\ ist die Meimmg zwischen Coologen 
immor noeh nicht einig and wird vielkdcht niomals oiuigo soin. HalliN 
White, Gothan und hicdten <\s ffir Untorporm ; T. K. Huang hat aher 
axif Onind dor Fauna und stratigraphischen Vorhilltnisso in Sildwost- 
China es bereits zuni ' fTppcp iWniian ’ umzudouten versueht. Die 
.fapanische autonni (Vabc^ u. a.) haben iminer noch siddochtwog die 
(^i^antopter is 'Flora als Permo-Trias l>etra(*htot. In oiner nouon 
Vordfifentliohung, st-cllen Ting imd (Irabau di(' Shihhotze Horie in Shansi 
zum ‘Middle Formian ’ (Hoj>orfc <»f XVI InU^rn. Ceol. Oongr. 193,'i). 
Man muss also darfilK^r noch inohr .Arbeiten urn diesis Krago khir zu 
inaclion. 

10. Mn. H. (‘KooKsiiANic, CaliMitta. 

The Atnmoniles of the Madras East (Mxist and the Atje of the, 

I i p per ( tondwfm as. 

Dr. Ij. F. ^path’s doscu’iption of Upixn* NiMajoinian aininonitcs in tho 
flondwana rocks of th<i Fust const, of Mudi’as is of tho ul-most importainsi^ 
to Tudian geology. If his souuwhat. t<*ntative idcMitiflcations arc accctph^d 
it raisins the^ age uf tlu*s(^ nxd^s by a whoUn g(M)logictil division. 

One point about whi<*h h(' sr^MUS t<» fx^ rnisinfornuxl is that this 
tlo ter mi nation will I'aisr^ tlu^ age of the Hajmahal plant beds throughout 
rndia. Tho rocks in which the fossil ammonites hav(' Ikhui found are the 
Hagavapnram shales, th<^ 8rip<innatur grou[>, the Budavada sandstoni^ 
and tho Varnovaram shakes. Sj)ath n'ports that the fauna^ of all these 
ro(d<s is idontic^al. Ft)istinantel (Pal. I ml, Er. //, IX and XII,, /, pt. 4, 
/tJl-224) already rogarrUxl tinxr floras ns indistinguishabk^ oru^ from 
another. Ho descrilres them as Ixxng midv'ay between th(i Hajmahal flora 
and tlie Jabbalpur one. Tho only true Jtajinalral floras frojrx the Hast Coast 
of India occur in the Colapilly IxhIh and the Athgarh sandstones. King 
{Mem., XVI) (ixpri^ssly stales that tiro Uolapilly bods undtrrlie the 
Itagavapurain shales with their ainmonit(» fauna. Hc^ (xnild not bo 
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certain that they were separated by an iinconformity, but ho l}elieved they 
were. 

Spath’s identification raises the age of tho plant beds in tlie East 
Coast Gondwanas from middle Jurassic to lower Cretaceous ( ? Barremian). 
Arguing from the fioras found in Kota and Jabbalpur ho eoncludod that 
these beds as well as the somewhat older Raj mail als should bo raised 
from lower and middle Jurassic to lower Cretaceous also. I propose to 
show that the correctness of this deduction is very quostiouablo. 

The modem tendency in paloeo botany is to greatly reduce tlio number 
of species based on leaf impressions alone. Thus tho following plants 
regarded as distinct by Eeistmantel are regarded as varieties of the same 
species by Seward : — 

Ptilophyllum acutiloUxmi, 

Ptilophyllvm cuialimat, 

Otozamitea Imlopif 
Otozamites gracilis, 

Otozamitea angvstatum, 
and Otozamitea diatans. 

Any of these would now bo described as PtilophylUiui acutifolimn, 
This wholesale rejection of species has tended to gi'eatly reduce tho 
differences between tho various Indian Ui^per Gondwana floras. 

Work in the Satpura Gondwana basin (Croohahank, Mem, LXVI, 
pt. 2) has recently brought to light 1 2 new Jabbalpur spociow. Nino of these 
were formerly regarded as typical of tho Rajmahal flora, and two of 
the Umia. 

In spite of these discoveries tho Rajmahal flora still remains fairly 
distinct on account of tho abimdanco of largo oycadacoous fronds in it, 
and of the presence of such ancient forms as Dana'^opaia and Th innfcldia, 

The remaining Upper Gondwana floras are brought much closer to 
one another than heretofore, so that it is dotihtful if tho distinctions 
between them have more than a local sigiufk^inco diu^ to their wide geo- 
graphical distribution. If anything tho flora of Ihriia seeins to bo younger 
than those of Jabbalpur, Kota, and tho upper Gemlwana bods of the East 
Coast of Madras, for it is deficient in tho more ancient plant genera such 
as Dictyozamitea, Pterophylliim., JSIihaoma, and Tamioplvrta, Spath’s 
statement that ‘plant-bods comparable to those formed in Kachh iu 
Portlandian times (Zamia shales of Nurrha) mid iu tho up])er Tithonian 
and lowest Noocomian do not soom to bo known irom Beninsnlar India’ 
seems designed to explain tho reason why tlu^ro is such a very large dif- 
ference in age between tho upper Ciondwnna l-ieds of Kachh ami those of 
the Madras East Coast. Tho statement does not, howc»v<^r, bear investiga- 
tion. The Zamia of tho Nurrha shales is a variety of Ptllopkyllxim, acuti- 
folium,^ This leaf impression is certainly tlu> eomrnoiK^st of all those 
found in tho upper Gondwana rocks of PeiiinHular iliidia. It is often 
found in groat profusion among the carbonaceous sliah's of tho Jabbalpur 
series, and in some cases it is tho only loaf impn^ssion jin^sont. 

As far as the fossil floras aro concerned thcM'o is J ittle dilTerenco botwot^n 
those of Kachh, Jabbalpur, Kota, and tlu^ Madras !East Coast. Tho 
ammonites in Kachh show that the Umia lloj’a is upjior Jurassic, those 
identified from tho Madras East Coast that tlu^ flora there is lower 
Cretaceous. Tho only reasonable deduction is that tho land flora iu 
India, changed very little over a prolonged pc^riod in the upper Jurassic 
and tho lower Crotacooxis. Such a conclusion would not bo particularly 
remarkable, for similar floras persisted with litth^ change from Ifjwor 
Jurassic to tho end of the Wealdon in Europe and othoi' areas. It scH^ms 
to me quite unfair to say that tho J abbal]uir and Kota floras arc Cretaceous 
because those on the East Coast of Madras are. They might equally 
easily be Jurassic, as is the Kachh flora. 

But there is other evidence which tends to show that the Jabbalpurs 
^n4 Kotas are at least as old as tho Kachh plant hods, and })orhaps older, 



Part IV — Discussions, 


186 


Evidence from fossil leaf impressions is never very satisfactory, but 
such as it is it tends to place the Jabbalpurs and Kotas in the lower half of 
the Jurassic. All the Jabbalpur species range through wide periods in 
the Mesozoic era, but, as one genus, Viciyozarmiea, is especially charac- 
teristic of the mid- Jurassic, and as others, notably PterophyUnm y Nilssonia, 
and TcBniopteriSf are rarely found higher than this, it is probable that the 
Jabbalpur rocks are at least as old as mid- Jurassic. As tho Kachh plants 
seem to be slightly younger than tho Jabbalpiu* ones, and as there is often 
an apparent difforonco in age Ijotwcon marine and terrestrial forms this 
position would be quite in accordance with tho ammonite evidence from 
Kachh. 

In support of tho ovidenco from tho fossil floras thoro is field evidence 
from at least three areas to show that tho Jabalpur and Kota beds overlie 
quite conformably bods in which Triassic anti Khiotio Boptilia and 
Amphibia are fomid, and from another area which shows that fresh water 
fish remains of Liassic ago c)ccur in bods cither immediately bolow or 
interbedded with the plant remains. 

The Kota-Malori area is by far tho most important of these. Some 
of the best known geologists of tho (hM>logieal S\irvoy of India have visited 
or mapped the rocks of this area. They all agree that thoro Is only one 
rock formation present. At its base it is ricdi in coloured clays and poor 
in sandstones. As one passes upwartls through tho succosaion tho clays 
become rarer and the sandstonos commoner till tit tho top of the formation 
it is mainly sandstone. About tho middle of this formation occur three 
limestone bands. 

The plant bods with Jabalpur fossils are commonest at tho top of tho 
formation, but they extend down as far as tho liinostono baiwls. ()pinions 
are divided as to whether they are intorbeddtwl with them or not. 

The limestone bands contain a ri(?h fish fauna of liassic affinity (ICgerlon 
and MialL Pal, Ind. ider. IV , Vol, I). Hoptiliau and Amphi))ian remains 
aro found most abundantly at tlu^ l>aHe of tho formation, but they extend 
upwards as far as tho limostono bands and arc hxjally interbedded with 
them. All are agreed on this ])oint. Tho ago of tho reptilians has been 
determined as uppermost Trias or Khiotic. I wish to emphasize hero 
that several of tho most famous of Indian Geologists (Lydakhar^ Pal, Ind, 
Ser, IV f Vol, 1; Kiny, Huyhm, Blanjord) liavo failed to find any signs 
of a break in sedimentation in tins formation, nor is tho succossion of 
plant and animal fonns any reason for suspecdhig tho prosouce of one. 

In the Jabbalpurs of tiio Hatpura (lotulwana basin there is a largo 
fossil flora. Tho Jabbalpurs pass downwartls without any sign of uncon- 
formity into tlio Dimwas a formation built up of thick bods of rod clay 
and white sandstone. In fiho rm\ (days soiru^ hundreds of foot below the 
plant bods remains of MmlodomuuruM^ a late triassic. reptilian, liavo boon 
found. 

Tho situation at Tiki whore a fauna almost id(Mitic!al to tho Maleri 
one has been diseuvored, is very similar. Tho eonru^ction of the Tiki 
bods with tho overlying Jabbalpurs is, howovea*, not so as it is in tho 
fclatpuras, and at Maleri. 

Thus tho field ovidtuKio strongly favours th(^ view that the Jabbalpurs 
and Kotas aro closely connof^ted with the uruh^rlying bone bods. If it is 
desired to movo the Jabbalpurs bodily up to a lower Orotacoous horizon, 
it becomes almost necessary to mov(! tho Maleris and Deiiwas xTp to the 
top of the Jurassic or the Inise of th(^ CrntaeoonH. To mov(» the age of 
reptilians, amphibians, and fishes upwards by a whoUv goologi(sal epoch 
seems to me to bo a ruthless act. 

Having regard to tlio field and fossil evidoiujo it would be much 
wiser to leave the base of tho Jabl)ali)ur series in its present mid -Jurassic 
position, that is a little older than the plant bods of Umia with their 
interbedded ammonites of Portlaudian age. To (correlate tho base of the 
Jabbalpur with tho equally distant plant bods of tho Madras East Coast 
seems to me quite unnocossary. 
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The period during which Jabbalpur sedimentation continued is quite 
uncertain. Tlie beds are strung out in a long line from Rewa to western 
Hoshangabad, a distance of several hundred miles. They are not quite 
itontinuouH but sufficiently nearly so to be sure that they have been 
deposited in two or three basins lying along the southern margin of the 
I>resent Narbada valley. The characteristic and extremely uniform 
lithology of the group suggests that the conditions of deposition were 
everywhere the same. There is no evidence, however, that the different 
basins are of exactly the same age. There is in fact a little plant evidence 
to show that they were not. Thus at Jabbalpur the fossil plants are 
mainly conifers and ferns of relatively modern appearance, while in the 
Narsinghpur district (Grookahank, Mem. LXVI, Pt. 2), some 50 miles 
further west, large oycadaoeous fronds of archaic aspect abound. Although 
the Jabbalpur rocks are never very thick, it may bo that they have been 
slowly deposited over a long period of time during which land cjonditions 
remained very stable. They may even represent the period from mid- 
Jurassic to mid-Cretaceous. That, they could not have continued much 
later is fairly certain, for the next flora found in Peninsular India, that 
associated with the earliest flows of the Deccan Trap, is entirely different. 
This flora is considered to be earliest Eocene. Ah the palms are represented 
in it by numerous species it is certain that its roots must extend far down 
into the Cretaceous. There is, however, not a trace of a palm in any 
of the upper Gondwana rocks. 

The occimrence in Madras of lower Cretaceous ammonites in beds 
containing a flora characteristic of the lower or middle Jurassic is some- 
what of a mystery. It is a well-known fact that moRozoi(5 floras cover an 
enormous time range. From the earliest Jiirawsic to the end of the 
Wealden period there is no very marked change. It is quite possible 
that a Jurassic flora could have lingered along the Madras coast well into 
the Neocomian period, but it is remarkable that Huch relatively ancient 
genera os Dictijozamitea, Pferophyllum, NUaaonia, and TmmplcHa should 
be so well represented there; so strange is this that it must inevitably 
oast doubt on Spath’s conclusion, the more so as this is based almost 
entirely on generic rather than specific determinations, and the material 
available was badly preserved. 

Fortunately there is some chance of checking the ammonite evidence. 
Associated with those fossils is a largo marine faxma, mainly laniellibranoh. 
So far as I can ascertain, these have never boon thoroughly in\'ostigated. 
Two marine fossils from the Tripotty beds immediately overlying the 
ammonites in the Godavori delta were identified by Stoliezka as Trigonia 
ventricom and Trigonia ameei; forms which are extremely common in 
the TJmia (Portlandian to early Necomian) of Kachh (King, Mem. XVI). 
This directly contradicts the evidence of the ammonites, and suggests a 
Jurassic age for the plant beds hero as olsowhoro. 

11. Dr. R. W. Chanky, Berkeley (California), 

Many discrepancies in the stratigraphic testimony offered by terres- 
trial plants and animals appear to result from factors involved in 
geographic distribution. This is particularly true in the case of Cenozoxc 
rocks, whose stratigraphic units are finely differentiated, and in which 
the details of faunal and floral development are relatively well known. 
An example may be mentioned which was involved in a recent study 
in western North America. 

In the Ogallala formation, laid down during later Tertiary time on 
the eastern flanks of the Rocky Mountains, a mammalian fauna including 
horses and a beaver has been referred to the Lower Pliocene. At this 
same locality in north-eastern Oklahoma, there has been (jollected a 
flora made up of well-preserved leaves of angiosperms. All its genera 
and more than half the species have been previously recorded in the 
Miocene of Colorado and Oregon. If it be assumed that during the 
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Upper Miocene the vegetation was uniform from Oregon to Oklahoma, 
there can be no conclusion other than that the evidence of the plants 
is not consistent with that of the animals. 

Well-marked differences may ])e observed between the modern 
vegetation of Oregon and of Oklahoma. Our knowleflge of the Tertiary 
history of western America gives us little basis for Hiip})osing that such 
differences were any less apparent during Miocene and Pliocene tiim^ 
The attitude of the orthodox stratigrapher has served to obscure or 
completely prevent the recognition of local differences in plant life ; 
but there can be no rational basis for the assumption of a ‘ cosmopolitan ’ 
flora over a range of nine degrees of latitude, and across a north-south 
range of mountains. The fact that a fossil flora in Oklahoma has genera 
and species in common with one in Oregon may in no accurate sense be 
interpreted as indicating that the deposits containing them are of the 
same age. In the case of land plants, which migrate relatively slowly, 
such a resemblance is probably an indication of a differmce in age. 

Studies in progress over the past two decades are yielding a large 
body of evidence in support of the theory that the more characteristic 
elements of Tertiary vegetation have migrated southward down both 
sides of the Pacific from a northern source. This migration is considered 
to reflect a trend towards a colder and drier climate, resulting from gradual 
emergence during the Tertiary, and no doubt from other causes. Plants 
which characterize the Miocene of Oregon are known to have been 
present in Alaska during the Eocene. It is reasonable to suppose that these 
same plants should have occupied a position still further south during 
the Pliocene, as a result of a continued response to climatic change. 
The presence in the Pliocene of Oklahoma of vogotational elements 
which characterize the Mio(^ene a thousand miles to tho north-west is 
therefore to be expected. Greater mobility of mammals appears tt> 
have made possible their rapid migration over wide areas dtiring tho 
Pliocene. A closer faunal uniformity may therefore be expected than 
is the case with plants. It is possible tliat with iuoreased knowledge 
of their geographic and stratigraphic^ o<^currence, the idea that animals 
were contemporaneous over e.xtensivo areas of sea or land may also have 
to be modified. In any case the abandonment of tho concept of 
cosmopolitan floras in no way alTects their value as stratigraphic 
indicators, if their latitudinal relations are considered and if their 
direction of migration is known. 

A large number of apparent inconsistencies >)otween the age evidence 
of plants and animals have resulted from inaccurate recording of their 
stratigraphic position. I^'he (juestiou of the boundary between the 
Mesozoic and Cenozoic rocks in the Rocky Mountain area, long under 
dispute, appears to involve error's in establishing tho vortical position 
of several of the floras involved, and doubtless of certain faunas as well. 
These errors are being corrected through tho studies of Brown and 
Dorf. The age of tho Auriferous Gravels on the western flanks of the 
Sierra Nevada was obscured by contradictory data until it became 
known that the floras range in age from Upper J^ocono to Ploistocono. It 
seems clear that with adequate observation and critical analysis of their 
geographic and stratigraphic occurrence, Tertiary faunas and floras 
will provide chronological evidence in which no discrepancies appear. 
The very existence of such discrepancies as now appear is an indication 
of our inaccuracy of method or interpretation. 

12. Dr. a. B. Walkom, Sydney. 

On the whole there seems in Australia to be little conflict between 
the evidence of plant and animal fossils in regard to the age of the beds 
in which they occur. I think the greatest difficulties result from con- 
sideration of small portions only of a fauna or flora and the use of such 
email portions as indicators of ago. I think there is often too little 
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appreciation of the presence of ‘ hold-overs ’ in any fauna or flora, and 
quite frequently these ‘ hold-overs * are singled out and stressed as age 
indicators — in reality they will always indicate an age greater than the 
actual age of the beds in which they occur. 

This, I believe, may be the case with the Wankio beds in Rhodesia 
where the Pecojpteris and Sphenophyllum may not outweigh the Olossopteria 
flora in the determination, of age. 

There has been, during recent years, some controversy as to the 
age of the beds formerly called ‘ Permo-Carboniferous ’ in* Australia, 
and the age of the Qloaaopteria flora. A recently published excellent 
analysis of the fauna in these beds in New South Wales (by Raggatt and 
Fletcher, Becorda Auat. Museum, xx. No. 2, p. 166) strongly supports 
the opinion that the whole of the system is of Permian age, and therefore 
the flrst appearance of the Qloaaopteria flora in Australia would be some 
1,600 feet above the base of the Permian. 

According to Mr. F. Chapman of Melbourne the evidence from the 
Foraminifera in the New South Wales ‘Permo-Carboniferous’ is that 
they range through Carboniferous to Permian in only a few cases, but 
are otherwise typically Permian. As far as Australia is concerned, then, 
it seems now that the Permian faunas and flora are in accord and there 
is nothing to support a suggested Carboniferous age for any of the 
Qloaaopteria flora. 

13. Db. Emily Dix, London. 

The Belative Vahiea oj Foaail Plants and Sheila in correlating 
' Coal Measure Bocha, 

The evidences afforded by fossil plants and shells supplement one 
another and should always be taken into consideration, whether in the 
identification of a particular coal seam over a small area or in establishing 
sub-zones or zones in rocks of Coal Measure age. Wlion considering the 
identification of a coal seam one should exainiuo all the evidence available : 
the character of the seam, tho lithological characters of tho roof and the 
associated measures, and the fauna and flora found in tho roof shales. In 
cases where doubt exists a spore-analysis of tho seam in question should 
be made. Thus, an ideal classification of tho Coal Measimes should be 
based on the vortical distribution of spocnos of ixon-marino and marine 
shells, arthropods, plants and to a certain extent on tlio lithological 
characters of the rocks themselves. 

It is generally true that the ovidonco afforded by either tho non- 
marine shells or the plants may bo a roliabki guide to tilio correct deter- 
mination of a zone or smaller unit of Coal Measure strata. But in other 
cases, difliculties arise owing to tho groat variation in tho characters of 
the strata especially at some horizoirs, and as a result all ])os8iblo lines of 
evidence should be taken into considoratiou. 

In some cases the non-marino and tho marines Hindis make possible tho 
most detailed correlation, yet at certain horizons tho plants aro so charac- 
teristic that they are quite as valuable for corrolal.iou as tho non-marino 
shells. In areas, too, where shells are rare, or abscMit, or where tho species 
found are of no diagnostic value, the ovidonco afforded by the plants 
cannot bo neglected, and is of necessity tho more important. 

On the Continent, it has been recognized for many years by such well- 
known research workers as Profs. Gothaii, Ronier, Jongmans an<l Bertrand 
that the distribution of the plant impressioiis found in the roofs of coal 
seams are reliable, not only for classifying tho Coal Measure strata, but also 
for identifying individual seams. As a result it is customary in these 
coalfields to use the plants rather than tho shells for zonal purposes. 
However, it has been shown by Prof. Pruvost and other workers that the 
results based on tho non-marine shells wore not in discordance with tho 
results obtained by a study of the plant impressions. In this country, 
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on the other hand, a great difference of opinion arose between the workers 
on the plants and the shells with regard to the classification and correla- 
tion of Coal Measure strata in the various eoalliolds, which has made 
several geologists in Gi'oat Britain very sceptical indeed concerning the 
utility of either the plants or shells for zoning those rocks. Some have 
even expressed the opinion that no groat changes took place in the 
characters of the floras and faunas as one proceeds upwards through the 
Coal Measures. This is a fallacy which is easily exposed. In my opinion 
the changes exhibited by the faunas and floras of the Coal Measures can 
be compared with tlioso show'u by the goniatites and associated faunas of 
the Namurian or with the corals and associated faunas of the Avonian — 
faunas which are recognized as reliable indices for zoning the strata in 
which they are found. 

N on-MaHne Sheila. 

Let us firat consider the value of the non-marine shells, namely, 
Carhonicolay Anthraeowifa^ Anthraconauta and Naiadites, (freshwater or 
estuarine forms which lived in the lagoons and estuaries of Coal Measure 
times) for (1) identifying coal seams, and (2) zoning Coal Measure rocks. 

(1) The Value of Non-Marine Sheila for identifyimj Coal Seama.-^ 
Dr. Wheelton Hind demonstrated that these shells could be used in 
correlating the Coal Measures of North Staffordshire, and ho also gave 
an account of their broad zonal distribution in other coalfields in Britain. 
Mr. J, T. Stobbs extended his results in 1006, and for many years ho 
has used these fossils in tho identification of coal soama throughout the 
Midland Coalfields. However, he did not publish any further infoanation 
concerning these shells, and thus it appeared that little attention was 
being given to those forms in Groat Britaiu, and it was ovcui suggested 
that they were of little value for correlating Coal Measure strata. Mean- 
while Profs. Barroia and Pruvost investigated those molluscs in tho North 
of Prance and other coalfields, and showed in 1919 that they afford most 
valuable data for zonal purposes. The classic paper published by 
Mr, J, H. Davies and Prof. A. E. Trueman in 1927 produced a great revival 
in the study of these lamellibrauchs in Groat liribain, and it is to tho 
latter that wo owe so miich of our knowledge concerning tho succession 
of non -marine faunas in the coal-boaring rocks of this coxmtry. Ho has 
also stimulated many others to become interested iii them, with tho result 
that a wealth of information is now available concerning the sucfcossion 
of those faxmas in Britaiu. 

In the roof shales of a groat number of tho coal seams in tho British 
coalfields occur suites of nou-mariuo slw^lls. A detailed examination of 
these shells reveals marked difforencHw in tho spooios constituting tho 
assemblages found in uBsociation with, tho various sotuns. The study of 
these forms and of tho assemblages has made it possibk^ for ono to identify 
many coal seams over considc^rablo areas. I could uanxo a gx*oat nxunhor 
of seams which can bo identified in this way, for example, th<^ Lower Vein, 
grossly d Vein and Ponnypi(HH^H in tho western i)art of tho South Wales 
Coalfield, where those lamelUbranchs have proved of the utmost value to 
mining engineers in working out the compli(;ated structures of that area. 
Krom tho mining onginoor’s point of view, it is unnoeossary to loam the 
scientific names of more than a few of these shells, but tho general character 
of tho assemblages can bo memorized. It is a question of becoming 
accustomed to look-out for tho typi(‘.al forms in tho assemblages, and this 
can only be accomplisluKl by systematic (jollec.ting from various horizons. 
As ono engineer has often remarked to mo ‘I don’t caro what you geologists 
name these shells, but I know that who,n I find these little follows, tho 
presence of the Brasslyd Seam is indicated, and when I find that group of 
mussels I am near tho Lower Vein, and so on*. 

Although tho non-marino shells arc of groat value in identifying coal 
seams, it must be remembered novortholess that certain shells are no 
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criterion of an. horizon, and an odd shell or two in certain cases cannot be 
regarded as sufficient evidence for the presence of a particular coal seam. 
To quote Dr. W. B. Wright, 'The freshwater faunas on the different 
horizons of the Coal Measures have sufliciont distinctness to lend character 
to the strata in which they ocem, and if (.carefully used, with proper 
appreciation of tlieir limitations as criteria of horizon, greatly facilitate 
local correlation’. 

(2) The Value of Non-Marine iShells for zonin<i the Ooal Meamres . — 
In 1927, Davies and Trueman established a zonal scheme based on 
the vertical distribution of these lamelliVn'anchs in the South Wales 
Coalfield. Those workem i^roved that not only could individual soams he 
identilied by means of these shells, but that faunas changed in character, 
by the appearance of now species and the extinction, of othorn, as one 
ascended tlie soquonco. As a result of further researches it has been 
proved that the broad zonal scheme established by Davies and Truoman 
can be applied in every area whore Coal Moasure's ()(,‘cur in Croat Britain, 
It is also applicable in France, Holland, Belgium, Westphalia and in the 
Donetz basin. Naturally slight modifications have become necessary as 
new material has become available, and various sub-zones have been 
recognized by Dr, W. B. Wright in Lam^ashire, (^t>rtaiii of which have been 
traced into Scotland by Di\ J. Weir and Mr. D. Loitch. In cases where it 
may be impossible to identify individual seams in sinkings and boreholes, 
the recognition of the suites of shells found in the sub-zones may be of 
great importance to the mining enginoor. 

The zonal scheme put forward by Davies and Trueman, and lat^r 
amplified by Trueman and Moore is as follows; — 

Stephanian . . (Zone of Anthracoinya prolifora). 

(Westphalian E.). 

Upper Westphalian . . Zone of Anthracouauta tenuis. 

(C and D), Zone of Anthractonauta phillipsi. 

Great (Jhanite in Tama. 

Lower Westphalian , . Zone of Anthracoinya jiulchra. 

(A and B). Zone of Carbonicola Bimilis. 

Zone of Aixthraconiya modiolaris. 

Zone of Carbonicola ovalis. 

Zone of Anthracoinya louisulcuif a. 

Fossil sholls are unknown in the iipponnost Coal Mi^asures of KouUi 
Wales, but in the corresponding bods in Kadstock, Brof, Trut'iman and 
Dr, Moore have <lescribod a sorios of sluvlls including Anthracomyu aff, 
proiifera, whit^h supports tho conclusion based <m othtu* (widouct^ that 
the strata in question should bo attributed t-o th(^ basal IxhIs of the 
Stephanian (or Westphalian E, of Jonginans and Van d(H* Gracht), 

Marine Tatmm, 

At intervals regional subBidonce was suni(d(’int. to c.aust^ a trans- 
gression of the sea over tho low-lying swamps. Hoiiudlfiics first marine 
form to appear was fAnyula, hiwjula beds and all marine b(uls generally 
overlie coal seams of varying thickn(»HS0H from \ inch up to a foot. 
f Anyuta beds are often imporsistont, and t-lu^y may pass laterally into 
shales containing Carbonicola and Anlhrucotnya, or shaltis with a mon; 
typical marine fauna, (jousistiiig chiefly of gouiat-itos, nautiloids anti 
lamellibranchs. 

Our knowledge of tho marine faunas may ho attrihut.(wl to the work 
carried out by Dr, Wheoltou Hind, Mr. .f. T, Htobhs, and especially by 
Mr. W. S. Bisat. Some of tho marine htnls art^ widespread, and are 
fairly frequent in tho lowermost Coal Measures, ('specially in Yorkshirt? 
and Lancashire. Two well -known bauds occur, namely, the one in tho 
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roof of the Pot Clay Coal (the Gastrioccras subcrenatum Marine Bed) 
and the other in the roof of the Halifax Hard Seam (the Qastrioce^ras liatcri 
Marine Bed)» which forma a woll-inarkod datum plane in Yorkshire, 
Nottinghamshire, Derbyshire and Lancashire, and is also equivalent to the 
Finefrau Marino Bod on the Continent. 

Many other marine beds have been noted in various coalfields in 
Great Britain in the lower part of the Middle Coal Measures, for example, 
the Amman Marino Bod in South Wales, which can bo traced over a 
wide area and has boon of great economic importance in correlating strata 
in. that portion of the sequence. Some of the other marine beds in the 
lower part of the Middle Coal Measures am only of limited extent, and 
although they may be useful in identifying a seam in any particular 
coalfield or a part of a coalfield, they cannot be used for correlation over 
considerable areas. V\>ry importiaut marine botls, however, occur near 
the top of the SimilU- Pulchra Zone of Davies and Trueman in all the 
(ioalfields in Great Britain where the sequence is known, and similar marine 
beds occur at comparable horizons in Fraiu'e, Bolgiiun, Holland and 
Westphalia. 

Naturally, owing to the sttarcdty of marine beds in tho main portion 
of the Coal Measures and their complete absoiice in the up pennost measures, 
and especially owing to the rarity of coi)halopo(is, marine beds cannot be 
regarded as ideal fossils for zoning Goal Measure rocks, although they 
afford the most useful datum phiues for widt^scale correlation and can be 
used for checking comdusions based on other fossils. 


Fo,shU 

Let us next consider thc» evidence afforded by fossil plants in (1) 
identifying coal seams, and (2) for zoning Coal Measure strata. 

( 1) The Value of Foi^nil for hientifyintf Coal — 

(а) III the first instance there are the petrifactions found in tho 
coal- balls (calcart'ous (roucxvtions found in certain scams with beautifully 
pre8er\’ed masses of \'eg«table material). Those coal balls are restricted 
to a few seams in the Lower Coal Measures of Lancashire and Yorkshire, 
but they also occur at a comparable horizon in Holland, Belgium and 
Westphalia. However, in this case tho eviiienco provided by a study of 
the petrificatiouH simply supports the identification of the seams based on 
the presence of tlu^ balls in the seam and oii tho the marine character of 
the roofs of the seams with their bullions and peculiar marine fossils. 

(б) It has been found that most coal seams contain certain plant- 
spores which chara<jterize them and which distinguish them from other 
seams., Whil(^ certain spores may bo common to several seams, there are 
usually a few types foiuKl only in one seam. Thiesson and his co-workers 
in America, Lange in Kilosia, Dr. Slater, Miss Evans and Miss E<l(ly and 
JIi\ Wray in Britain have correlated soanas based on their sporc-content. 
Their work has boon chiefly based on the observations of microsporos and 
more particularly ma<;rospores in thin socitions of coal. More recently 
Dr, Haistrick has carried out laborious and detailed rosearchcB on tho 
<luautitativo analysis of laicTospores found in tho various seams, and i?i 
this way ho has i)oon ai)Ie to correlate seams over a conjsidorablo area in 
Northuinborland and Durham, In my opinion, caution should bo observed 
in identifying seams pun^Iy on tho quantitative sporo-contont, CHpeeially 
Hoams in widely separat.ed areas. We do not yet know enough about th(' 
parent planf-s of tlio spores, and the variation iu tho spore crop may bo 
duo to local associations in tho (H)al forests. 

(c) Tho evidoiKH) affordotl by tlio fossil plants found in tho roofs of 
ooal seams (incrustations, imprtJBsions) lias been used in tho identification 
tind correlation of <H)al seams. Their us<^ has been criticized on the 
following grounds: (i) their fragmentary character, (ii) they represent 
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drifted material, (iii) they are rare as fossils at many horizons, (iv) there 
is n .0 marked change in the species of plants in passing upwards through 
the Coal Measure rocks. In spite of the fact that plants are fragmentary 
and that they usually represent drifted material, they represent ixi fair 
measure the flora at the end of the forest period and they can tell us a 
great deal about the flora of the period. Plant impressions are unques- 
tionably rare at some horizons ; nevertheless they occur in great abundance 
at others, and even when they are not plentiful they often throw a groat 
deal of light on the position of the beds in the sequence. 

I must admit that I was rather pessimistic about the utility of these 
fragments until I proved that, with a knowledge of the floras found in 
their roofs, I could trace certain coal seams over a distance of 20 miles. 
The most convincing proofs of the value of those impressions has been 
brought home to me through my good fortune iir having opportunities to 
collect plants in several coalfields in Great Britain and in Prance, Germany, 
Belgium and Holland. 

When using plants for correlating coal seams, the composition of 
the whole floral assemblage should be considered and much attention 
paid to the occurrence of rare species. Several species range through 
hundreds of feet of strata, and these are Iroquently amongst the com- 
monest fossils in some assemblages, for example, certain species of Oalamites 
and Stigrnaria. Naturally these plants cannot be used for zonal purposes, 
yet the presence of a number of fairly long ranged species may ot^casionally 
assist one in identifying a seam over a small area, for example, masses 
of Sigillariophyllum m the roof of the Gowor Lynch Soam. As in the 
ease of quantitative methods used in the microsporo analysis of a seam, 
so there is a danger ui \xsing a purely quantitative analysis of the frag- 
ments of plant impressions found in the roofs of coal seams. It is diflioult 
for instance, to say how many Neuroptcris pinnules should bo the equivalent 
of a Calomite stem, and therefore it may bo impossible to estimate the 
percentages of the plants in the assemblages. 

(2) Tha Value of Plants for Zoning Coal Measure Strata . — 

As a result of detailed studies of the plant impressions wo know that 
the floras of certain periods of Coal Measure times wore remarkably similar 
in widely separated areas from America to the Donotz basin, and that the 
floras changed in character by the evolution of now forms and tho dis- 
appearance of others at successive horizons (this has boon verified in 
Great Britain by tho work carried out along difforont lines by Dr. Kaistrick 
and others). The floras become richer and more complex as we proceed 
upwards through Coal Measure rocks, and they aro espocdally varied in 
the Middle Coal Measures, whore tho maximum number of spoeios are 
recorded. Although tho floras wore remarkably uniform, yet wo know 
that plant associations existed, governed, rxiay bo, by physical coiulitions 
or centres for dispersal of now species; thon^ aro plants found in North 
America which are unknown in Britain and vice versa^ whilo there are 
fewer differences between tho floras of South Wales and tho North of 
France.^ Such plants, however, as PccopUris aspera and Pecopteridium 
defrancei occur in particular beds in Franco, but are unknown in Britain, 
while Lonchopteris rugosa is abundant at certain levels in Holland, Belgium, 
and in Westphalia, and is common at only ono locjality in tho Bristol 
Coalfield in Britain. 

The utility of fossil floras for subdividing Coal Measure rocks has 
been recognized for a very long time by workers such as Z oilier, David 
White, and more recently by Qothan, lionior, Joiigmans, JJortrand, 
Zalessky and Darrah. In this country tho groat pioneer work on tho 
stratigraphieal aspects of palaeobotany was carried out by Kidston. 
Arber also contributed much on this subject. Kidston recognized a 
succession of different floras in the Coal Measures, and suggested the 
following classification in 1906: — 
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Upper Coal Measures Kadstockiaix Series 

Transition Coal Moas’ures Staffordiau Series 

Middle Coal Measures Westphalian Series 

Lower Coal Measures Lanarkian Series. 

Later he subdivided his Staffordiau and Kadstockian Series. Unfor- 
tunately Kidston had little knowledge of stratigraphy, and as a result 
he attributed floras to the wrong portion of the sequence. I believe 
that he realized many of his mistakes bofom he died, and that, had he 
lived a while longer, ho himself would have rodescribed the succession 
of floras found in our Goal Measures. In recent years much more informa- 
tion has been obtained concorning the floras of the Coal Measures through 
the researches oi Dr. R. Crookall, Mr. W. D, Ware and. others, and they 
have assisted me from time to time in my work. It has been shown that 
the Upper Carboniferous of the Swansea area of the South Wales Coalfleld 
can be subdivided into nine floral zones, indicated below. These floral 
jsones can bo traced into other areas in Britain, and, moreover, they com- 
pare closely with the floral divisions recognized on the Continent and in 
North America. 


PLORA I 

Zone t.»r Pocopteris (Astorothoca) lainurensis 
Acithoca polymorpha 

Dicksonitos pluckonoti 

Mixoneura (Odontoptoris) sp. 
Alothoptoris grandixxi 

Spluuiophyllam oblougifolium 

PLORA H 

of Mixoaoum (Nouroptoria) ovata 
Nouroptoris a(fhouohzori 

Ncmroptoris flexuosa 

Odontoptoris lindloyana 

Alothopteris sorli 

AHterothoca arboroscons 

A. iniltoni (Pocopteria abbreviata) 
Hphonoptioria nouropteroides 
Sphonoptoris xnacilonta 

Diplotmorna goniculatum 
Sphenophyllum oinarguiatuin 
Aunuluria atollata 

FLORA CJ 

ZoiK' of Ntniroptoris rarinorvis 

Nourc>pboriB lingumfolia 

Liu(>ptf(5ria nuui8t»ori 

Marioptioria Maxivouri 

Marif)pl)oris latifolia 

Sphouoptcu’is striata 

Reiuiulbia (jhiwu’ophylloidos 

AHolfinus campbotoxia 


Mftrkvd Ohangt in Flora 

FLORA P 

Zone of NiHiruptoriH touuifolia 

N<‘iiroptoris callosa 

AHolatuis campbot^eaia 

Lepidodouflron simile 


13 
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FLORA E 

Zone of Lonchoptoris rugosa 

Neuropteris gigantea 

Sphenophyllum myriophyllmn 
Sphenophyllum majus 

Annularia microphylla 

Sphenoptoris spp. 

FLORA D 

Zone of Alethopteris louchitica 

Neuropteris hotorophylla 

FLORA C 

Zone of Neuropteris schlehani 

Lyginoptoris hoexiixighansi 

FLORA B 

Zone equivalent to the Pocoptoris asixera zoiie 
of the North of Franco 

FLORA A 

Zone of Lyginoptoris stangori 

Alethopteris of. parva. 


la using fossil plants to divide the Upper Carbouiferous rocka iatO' 
zones sufficiently thia to be of real value in correlation, attention must 
be given chiefly to those species with short ranges; frequently these 
species are rare except at a few horizons, and, since their distribution 
is incompletely known, the precise bounclarios of certain of the zones 
cannot be definitely fixed. The boundaries of most of those zones must 
be regarded as rather indefinite, and further research may load to slight 
modifications of some of them. 

These broad subdivisions based on the distribution of the plant 
impressions agree very closely with those established by Trueman and 
other workers on the non-marine shells and by JJisat on the nrarino faunas. 

In concluding one would like to express a word of warning to those 
who expect too much of the fossils, especially from the point of view 
of correlating coal seams. The evidence aiforcled by the fossils is invalu- 
able to the mining engineer and geologist, but it is no(^(^ssary to recognize 
their limitations. Odd shells, or individual plants, or forms of no diag- 
nostic value can seldom givo the answer to the problem. iSoino soajns t^au be 
correlated over wide areas, but there aro many which arc of limited extent, 
and owing to the variation in tho character of the Coal Moasure strata ca\i- 
tion should be observed in attempts to correlate too many oi our (U)al seams 
over considerable areas. Perhaps the scepticism which is expix»ssod by 
some geologists concerning tho utility of these fossils for correlation 
may he attributed to the economic value of (u)al and the ihet 
that subsequent mining operations can always prove whether the 
'unswer given by the fossils has been correc-tly iiitorproted or tho con- 
trary. It is possible that such fossils as tho graptolit<^H of tho Palaeozoic 
or the echinoids of the Cretaceous might risk th<^ r(»putati(ins attributes! 
to them if boreholes and sinltings in quest of economic*- wealth wore put 
down at more frequent intervals in the strata in which they are found. 
Nevertheless, it has to b© admitted that paluiontological evidence is more 
reliable than lithological data for correlatiiig tho Coal Measures or any 
other strata; and that what Prof. W. W. Watts has recently tonned 
‘the great principle of the identifications of rocks by fossils, on which aro 
built the widest generalizations of geology’ is os triumphantly vindioatetl 
by the faima and fiora of the Coal Measures as it is by tho fossils of other 
ages. 
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14. Dll. RA.TNATir of Bfcniams and Puof. W. C>- Feahnsides of 

Shoiliold also spokt^ 

15. PjiOF. B. Saiini, Luelmow. 


( hmlmlimf Ucmarks, 

More than oiio contributor has ndorrod to possiblo diMcropancios due 
to differing rates of evolution in plants and in animals. The rate of 
evolution is a (juostion of suc^h baftling (u)niploxity, with so many inter- 
locking factoi*s whi(5ii defy analysis, that 1 hesitated to venture upon a 
discussion of this aspect. 

Does palaeontology teach ns that in the (jourso of geological time 
plants as a class have evolvcnl at a different rate from animals ? If so» 
have the ono or the other idass of organisms consistently evolved at a 
faster rate, or hav(^ plants somotimes (^volvetl faster and sometimes slower 
than animals V Th<^ view has bt?ou oxproasiid by Dr. Stanton (p. 172) that 
‘modern typos were introdiuMJcl smnowhat earlier among plants than among 
animals’, cuid that ‘ thoroforo, in Amoricta at least, tho boundaries between 
systems and other major geologict ilivisions whtm based upon tho plant- 
remains are often plaiuid some what lower tlian tho faunal evidoniio would 
indicate*. On tho other hand, it lias been siiggosttsd by Professor 
Cockerell (p. 174) that animals evolve more rapidly than plants. Can 
either of these statements bo made to apply generally, or do they refer 
only to restricted groups, areas and periods ? 

Much recent work tends to show that the rat(i of (evolution is not a 
specific quality preiloitermined and fixed for each plant or animal but is 
influenced by tho onviromnent in tho widtmt sonae. This may bo taken 
to include (shangoa iiv tlu*! soil ami climate, as well as thoso in tho biotic 
factors such as the int(u*d(^penden{^o of plants and animals, competition 
within and botwoon specie's, natural hybridization, ©to., etc. This being 
the case wo may coiududo tliat tho patse of evolution must have varied in 
a complex manner tweu within narrow circles of allinity and in both 
space and tinui. Some groups may, wliilo others may not, have altered 
their previous rates of ovohitiou, and this <diango may have occurred in 
restricted amos only. If this w*w so it is tilear that wo cannot always 
apeak of a given sp('<iieH (and much less of a given group) of plants or 
of animals having altered its rate of ('volution, because the group or tho 
species may have' bc'on distributed ov('r a larger area than that whore 
the environmeirit und('rw('ut (diaugiu 

It is almost a truism to say that ('volution must be slower in a relatively 
static environment., <'.g, in tlu,' middle of largo (sHrnatiis areas, and fastt'r 
in dynamic cnvironmc'uts such as th(' soa-c'oast or along tho fringes of 
climatic zones like th<' Sahara and tho ghwdatod regions. The rocont 
observations of itagc'rup, TiB<'hIor, Miintzing and otlxors bear eloquent 
testimony to this. Apart from the diro(jt effect whicdi has boon experi- 
mentally proved of the t.oinp(' rat uro and oiihor factors in producing poly- 
l>loid and other mutations, there is, along thoso bordorlino rogions, more 
conflict and compotitioii, and a wklor w'ope for hybridization. 

The greater mobility of animals ntiglit at first scM'm to suggest that 
they should be loss readily adaptabki than plants. Because plants 
move more slowly it might bo thought that they must more often perish 
than animals in an advomdy changing onvironmont. But it appears to 
me that there is a fallacsy h(3re. Kxcopt in tho (soso of local cataclysms 
(which cannot bo of any significance in this connexion) tho rate at which 
an onvironmont undergoes change is probably novc't so rapid that, while 
the animals inhabiting an area can easily migrate, tho plaixts must either 
perish or eko out a pro(;ariouH f'xistonco with the possibility of getting 
acclimatized. I think wo may take it that in plants, as well as in animals, 
there is a constant coxitrifugal urge along tho fringes of tho aroas of dis- 
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tributiou. The seeds of plants are usually already spread beyond the 
normal distribution areas of the species. Their failui’e (under static 
conditions) to extend the distribution of the species is not due to nm- 
arriml but to non-survival of seed beyond the noimal area of distribution. 
But when the environment (say, the climate) imdergoes change these 
seeds would be able to germinate and the border lines of distribution 
would be adjusted accordingly. 

Thus we may conclude that the rate of horizontal spread of species 
is always faster than the rate of movement of any large ehvii’onmental 
change. Hence it would seem that for purposes of effective migration 
plants, although less mobile in the ordinary sense, are probably not 
slower than animals. 

From what I have said it seems that we cannot speak in general 
terms about plants and animals as a whole evolving at different rates. 
Nevertheless the local preservation of residual forms may tend to cause 
slight discrepancies. Such forms therefore deserve special attention. 

Referring to Mr. Crookshardc’s remarks, I am glad he also thinks 
that Dr. Spath is not justified in extending to the Rajmahal flora in Behar 
the conclusions he has drawn from an examination of the Madras Coast 
ammonites. I may, however, be forgiven if I find it difficult to endorse 
Mr. Crookshank’s palseobotanical reasons for this view. My difficulty is (os 
I said in my opening remarks) that we do not yet know enough of the 
Jabbalpur and TJmia floras to be able to make any helpful comparisons 
with the Rajmahal flora, which is now fairly well loiown. 

The modem tendency in palaeobotany is not greatly to reduce the 
number of species based upon leaf impressions, as Mr. Crookshank believes, 
but, I fear, it is just the reverse : with intensive work on the cuticles and 
fertile parts of these leaf ‘impressions’ the number of species is steadily 
mounting up. The specific instance of PtilophyUwn acutifoUum chosen 
by him is particularly unfortunate because it is just here that recent 
work has helped to split up that ‘species’. The name P. acutifoUum was 
formerly applied in a comprehensive sense to a number of different typos 
of oycadeon fronds which were grouped together merely on grounds of 
convenience. 


XXXI. THE ABSORPTION OP SALTS BY PLANTS. 

{Sections of Botany and Chemistry, in co-operation with the Society 
of Biological Chemists, India.) 

PnoFB. Y. H. Blackman, London, presided, and J^kok. .P. I*Aiti.TA, 
Cuttack, opened the dintniBsioii. 

1. Pkof, P. Pabija. Cuttack. 

Opening liemarks. 

The problem of absorption of salts by plants is of such gre^at thoorotical 
and economic importance that no justification is nocossary for the choice 
of this subject for a joint discussion. On behalf of the President of the 
Botany Section I have the honour to invito the distinguishod scientists 
present here to discuss this very important problem in all its aspew^ts ho 
that scientific workers in pur© and apx>liod plant i)hysiology all (jver the 
coxmtry may get light and guidance in their further search for knowledge. 

As a humble student of plant life, I can only put before you some 
points which may serve as the nuclei for discussion. 

Salts, or should wo say ions, are absorbed by root hairs, rhizoids or 
other absorbing organs. Any factors which will affect the growth of these 
absorbing structures will affect the absorption. Thus, for example, 0*3% 
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NaCl will produce an average root hair length of 30 as compared to 6 in 
KNOs of the same concentration while Boric acid (0*02%) will produce 
45 in mustard. Other external factors will also influence absorption. 

Apart from these, the living cells do manage to take in and sometimes 
accumulate ions inside them (case of Valmiia by various authors) in excess 
of the outside concentration. 

There are various aspects of this problem. I want to invite your 
attention to only a few points which I think deserve more consideration 
than they have received. 

In absorption of salts, the surface colls of the absorbing organs, be 
they roots, haxistoria or submerged organs of water plants, are all import- 
ant. It is taken for granted that the walls of these colls do not play any 
other part except exerting what is known as the wall -pressure when the 
colls are turgid. That is to say, the cell-wall only plays a passive rdle. 

Now the qiiostion is whether the cell-wall is really passive. The cell- 
wall is after all a colloidal sheath and as such its physical condition is 
subject to modification according to the constituents of the solution 
that bathes it. ^Vhat part do these modifications play in the process of 
absorption ? 

The Cell-Wall — not honiogoiu^ous. In cross section x^arious striations 
are xdsible, soxnetiinos quite easily. Kerr and liailey point out that even 
the middle lamella consists of throe layers. Stratification, according to 
the micellar theory, is the result of the arrangement of micelljr^ 

The most widely held idea is that the micollie are crystalline (Frey, 
Wyssling, Meyer, Herzog and Clark) and those submicroscopie micollH^ 
are packed, so to spcuik, in a hydrophylic colloid. 

Thus apart from tlie larni^llation which one hoi^s in the coil-walls of 
algDc, there is hotorogoneity even in each lamella and the intonnicoUar 
spaces are liable to altctratien and thereby increase or dooroase the per- 
meability of the cell-wall (Uurowilsch). 

If this is true of c(^II-walls of absorbing organs then do these x^arious 
interfaces have any influence on tho absorption of salts ? 

Is tho cell-xvall really passive? Home workers like Lloyd have 
doubted this especially in tlie case of aJgto. 

They even go so far (Lloyd and Ulohla in Postelsla Crammer) as to 
regard the coil-wall as a living struotxxro subject to irreversible changes 
like death. More attention must bo paid to the coil-wall than has hitherto 
been done. 

There is another point with regard to tlio coil-walls which doservoa 
attention. Wo are ax)t to leave out of considoration tho gelatinous sheath 
of tho walls of matiy absorbing cells (o.g. bhio-groon and green algan). 

Again in the lanieilatod <!ell-wall8, such as one finds in some alga*, 
the interfaces betwec^ir tho lurnoUiO may not bo without influence on 
the absorption. 

(1) One is coufiriuod in one’s doubt as to the passivity of the cell- 
wall, when one rem<unl)erH how intimately the coll -wall and tho plasma 
membranes are coiini^ctod and tho xnfluonoe which different salts and their 
concentrations have on tho dovolopmont of the root luiirs. 

(2) We have next to turn our attention to thtu all important phxsma 
membrane. Tho plasma membrane is admittedly a colloidal ntosaio of 
proteins and lipoids. Tho unidirectional growth of root hairs indicates 
that the plastna membrane is not of tmiform composition all-round the 
piliferous cell. 

Plasma membrane . — Passing from tho coU-wall, one comes to the 
all-important plasma membrane . This membrane is admittedly a colloidal 
mosaic of protein and lipoids, which is not of uniform composition all-round 
the absorbing coll, as shown by the unidirootional growth of root hairs. 

This membrane is closoly adprossed to tho coU-wall. As we hax*e aeon 
before, the coll -wall is traversed by transverse submicroscopic passages of 
hydrophilic colloids. Whether these colloidal passages are ramifications 
<oi the plasma membrane as some people think ? 
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If this is so, then the real region of study shifts from the plasma 
membrane to the surface of the cell -wall. That tluuo is intimate con- 
nection between cytoplasm and the cell -wall is shown sometimes at 
sudden plasmolysis where strands of cytoplasm are torn oxit. 

If these hydrophilic colloids are not continuous, thou what part do 
they play in the passage of salts? n . i i 

Energy must be expended to maintain the colloidal <‘omplex con- 
stituting the plasma membrane in efficient condition. The fact that the 
root hairs in higher plants grow, live and die means that this necosHai*y 
energy supply somehow fails or possibly the very salts whi(jh are absorbed 
in the process of absorption bring about an irrov(^rsiblo (diango in the 
colloidal complex, thus bringing about death. 

(3) The next point to be remembered in a multicellular organism is 
the correlation between the surface cells and those in tho interior. 
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2. Me. B. Sen, Calcutta. 

Living protoplasm and the plasma menihranv . 

The quantity of salts absorbed by plants can bo lollowc'd a(*(uirat©ly 
by measuring under controlled conditions tho dirninutioix of salute 
concentration of the culture medium. But wh(Ui we consider the 
mechanism involved in this process of absorption, wo ha\'(^ to stmggle 
more with theories than well-established conolusionH. 

The epidermal cells of the absorbing tissue are the primary units 
through which absorption of salts takes place in plants. Tho cell-wall is 
now generally accepted as freely permeable to both water atul solutes ; 
it is the plasma membrane of the coll which fuiiotions as tho soleotive 
barrier for aU entering ions. Therefore tho plasma ineinbrano is the 
most important determining factor involved in tho process of salt 
absorption by plants. 

The most recent general discussion on tho subjoed* of tho * Proportios 
and Functions of Membranes, Natural and Artificial ’ {Trans, Faratiat/ 
Soc., 1937, 33, pp. 911-1148) has romindod us, htJwov<>r, that (i) most 
of the problems concerned with the structure ami lunctions of tho plasma 
membrane stiU remain unsolved, despite several very suggewtivo thoorios 
advanced and many admirable models dovistsd ; and (ii) dofinito 

information about the nature of living protojdasm its(^lf is badly needed, 
before further speculations can become really fruitful. Conclusive 
experimental data about the most olomontary physical properties of 
protoplasm are surprisingly meagre and often c.ontradictory. it is now 
gener^y accepted that protoplasm is a colloidal coinpbvx, 3>ut agreement 
IS lackmg as to whether it is a susponsoid or an oirmlsoid. Bimilar 
disagreement is to be found regarding its viscosity, that is, whether proto- 
plasm is a sol or a gel. The very existence of the phisnia membrane 
as a totmet morphological entity is still being qm^stioued by some. 

Elsewhere ^en, B. 1934, Ann, BoL, 48, 143-51; 1937, Ind, Jour. 
M.grt. ^ci., 7, 479-485) the writer has enumerated tho <lif(i<;ultios inherent 
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in experimental observationn on living proto})lasm, as also the special 
facilities which root hairs of AzolJa phinata afford for ultramicroscopio 
observations on living protoplasm. An Azalia root hair is practically 
a cellulose capillary filled with transparent protoplasm. For the present 
discussion, the i*esults (d* my observatioiiH on living protoplasm and the 
plasma membrane may bo summarized as follows ; 

(1) The ultromicrosciopic; piotxiro of living protoplasm of Azolla 
root hairs shows bright particles in vigorous Brownian movements. 

(2) The colloidal particles of living protoplasm of petiole hair of the 
stinging nettle {Urtica dioica), root hairs of Azolla, tubes of germinated 
pollens (unpublished data) of Swoot Peas (LathyruH odoratus). Petunia, 
.and Madonna Lily {Li limn caticlidum.) are negatively charged, as found from 
their cataphoretic migration. This charge remains negative as long as 
the protoplasm maintains its living structure. 

(3) Bivalent cations, in isotonic concentrations, when injected by 
micro -pipettes or introducsod inside the protoplasm by the Increased 
Permeability technique, induce irreversible flocculation. Ca and Sr 
-exhibit specific reactions not shared by .Ba and Mg. 

(4) The viscosity (unpublished data) of Azolla root hair protoplasm, 
as determined by camera lucida tracings, on a uniformly moving horizon- 
tal plate, of Brownian movements of single particles, is found to be of 
the order 3 to 4 times that of water. 

(6) The dispersion medium of the living protoplasm of the different 
-cells investigated, appears to bo an aqueous solution, and the immiscibility 
.of protoplasm and water is <lue to the presence of a membrane. When 
this membrane is destroyed, the protoplasmic moss diffuses freely in 
water and aqueous solutions (unpublishetl data). 

(6) The moiTphological existence of a plasma morabrano, differing 
in chemical composition from the bulk of the protoplasm, has been 
•demonstrated (unpublished data). 

(7) The normal plasma membrane of Azolla root hair and also 
membranes formed round b(»ads of protoplasm of plasmolyzed hairs 
show similar reactions to diiforont cations, and the permeability of both 
increases when they arc offoctivoly stimulated by an induction shook 
(impublished data).' 

These data indicat(^ that, at lotist within the visible limits of the 
ultramicroscopo, the protoplasm of the cells studied exhibits more of 
the properties of a susponsoid than of an ernulsoid. 

3. Du. 155. Han, TAN", Allahaba<l. 

Thesubjeot of salt intake by f)lants is a very vast one, presenting many 
•aspects for consideration. entrnn(H> of salts is influenced by various 

internal and external factors. There is also evidence to boliovo that 
the absorption of salts is not only intimately conneettod with the nature 
and composition of salts but also with those of the living protoplasm. 

Thus the probhun of salt intake is inons to bo looked at from the 
physiological point of viciw than from the purely physical. Tho older 
theory that inorganic salts <Mitcr plant C(dls in tho dissociated or ionic 
state only is quite untenable iti view of the works of Irwin, Osterhout 
and others which in(li(uit<^ that in c.ertain (jaH(^R at least compounds in 
the undissociatod forirv have the power of entering tho cells. It is 
generally thought that tho entry of salts is made possible because **of 
concentration gradients" -salts tlitfusiug from the medium of higher 
cancentratioix to one of lower in respect of these salts. It is contended 
that the concentration of soil solution in respect of those salts is higher 
than that of tho coll sap. But such a (iondition cannot exist indefinitely 
unless the salts entering are translocated away or aro somehow rendered 
osmotically inactive ; othciwiso sooner or later a state of balance will 
be attained. Moreover it lias boon definitely proved that Ohara and 
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Nitella cells have the power of accumulating certain salts in concentrations- 
higher than those in the external solution. 

Breazeale postulates that it is the colloidal particles of the proto - 
plsism with a definite electrical charge that are instrumental in effecting 
entrance of salts. The charge is transferred from its place of origin to 
the epidermal cells of the roots where it must be satisfied ; therefore the- 
oppositely charged particles must be absorbed. It must be noted here 
that ooUoids are heterogeneous systems of unstable equilibrium, the 
particles being dispersed in the suspending liquid because they carry the 
same electric che^rge. The effect of ions on the colloids is to disturb their 
electrostatic eqtiilibrium. It is, therefore, not difficult to imagine a 
complex system of anions and cations within the plant cells which operate 
in such a way as to effect the entrance of salts or rather dissociated salts. 

It is also quite conceivable that protoplasmic rotation may have- 
something to do with the intake of ions. Lapique considers that by 
rotation each portion of the protoplasm of the cell is alternately brought 
in contact with the external solution and the vacuolar sap. It is well 
known that proteins, one of the constituents of the protoplasm, are 
amphoteric compounds and on the acid side of the iso -electric point 
combine with anions and on the alkaline side with cations. It therefore 
seems that the absorption of ions is a function of the protoplasm itself 
through its constituent proteins. The work of Pearsall and Ewing lends 
weight to such a conception of ionic intake. The intake of salts or ions 
is therefore a direct metabolic phase of the living cell — accumulation 
being effected at the expense of metabolically derived energy. The 
conception of cell-colloids as having to do with the absorption of ions 
might possibly be correlated with the absorption of nitrate and ammonium 
nitrogen. It has been contended that these two forms of nitrogen are 
absorbed at different hydrogen ion concentrations of the medium. This 
suggests that the cell- colloids are oppositely charged at the time of the 
intake of these two forms of nitrogen respectively. ' 31 ms there is 
evidence to believe that nitrate nitrogen is absorbed at a relatively high 
concentration of hydrogen ions — ^probably in the neighbourhood of 
pH 6 , while ammonium nitrogen is taken in at a lesser acid or oven 
alkaline reactions. 


4, Pnor. V. H. Blackman, London. 

The view I wish to stress is that the absorption and accinnulation 
of salts by plants is a dynamic process, not a question of equilibria. Work 
must be done to attain a higher concentration inside the cell than without 
it. We know that certain plant cells such as hairs can secrete almost 
pure water from a concentrated cell sap. Similarly tho kidney secretes 
weak salt solution, tho urine, from a strong salt solution, the blood. Work 
must be done in these oases and the energy for that can come only from 
metabolic processes. 

The absorption of salts by plants cannot be explained by passive 
models of membranes with certain permeability characteristics. Such 
models simplify the problem so that it has little relation to reality. 

The work of Steward with potato slices has shown that absorption 
is closely related to aeration and to the rate of CO2 output, i.o. to rate 
of respiration. This clearly demonstrates the relationship of accumula- 
tion of salts to the rate of metabolism. 

Tissues such as bulb scales and the flesh of tho apple fruit have 
no power of growing and dividing and fail to accumulate Br, from Pb. 
Br. even under favourable conditions of temperature and aoration. Such 
tissues produce CO 2 but do not accumulate salts yet in tho Osterhout 
model the exit of CO2 is an essential part of the mechanism of accumulation 
of potassium. Again, Nitella and Elodea in the light actively aocmnulate 
the bromide ion yet CO2 is not passing out but entering tho cell. 
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Uptake of salts must bo studied in relation to the whole cell, not merely 
ill relation to the cell wall or to the protoplasmic living layer. The 
problem is not yet in a state of development suitable for chemical or 
physicocliemical analyses. 

6. Db. B. JST. Singh, Benares. 

The phrase ‘absorption of salts by plants’ may easily imply a range 
of investigational activities entirely too broad to be discussed in a single 
discourse specially one so strictly limited as to its length. In a study of 
the mineral nutrition of a plant there are many factors which must be 
considered for the intake of nutritive elements involves complex chemical 
and physical processes. It has become evident during recent years that 
the absorption and accumudation of elements by the plant cell in the 
course of their normal nutrition involve processes which may easily escape 
proper study in so far as most investigations on permeability of cell mem- 
branes are concerned. The investigator of the permeability of plant cells 
is often constrained to employ highly artificial environmental conditions 
(liigh concentration of solutes, use of solutes foreign to the cell, unsmtable 
conditions of light or aeration, etc.), or to work over very short periods of 
time. Investigations of such nature have their own limitations and 
hardly servo to elucidate the gradual intake of electrolytes by the growing 
or actively metabolizing plant. 

Much work has boon carried on covering several years on the intake 
of certain more important olomonts and it is now definitely indicated 
that of all elements pottissium has been universally fotmd at (joncontration 
in the cell sap much liighor than that in this oxtonial solution. The 
evidences collected during the p*w3t ten years on the absorption of this 
element by apparently closoly related anti similar spocioB and varieties of 
crop plants chiefly of tho Gramineu* order, when grown in culture media 
of similar mineral constitution, indicate how widely tho rate of absorption 
differs with the variety as w(dl, and in <tortain cases with the individuals 
of the same variety. Kvidently highly generalized statements with regard 
to the physical chomicral properties of tho different chemical elements in 
relation to their intake by plant cell must be made with caution. 

Among tho factors that vitally dotormino the absorption of salts 
from liquid media, tho aoration of tho solution has l^oon shown to be 
most important. While conducting a serios of vory carefully controlled 
studies on the absorption and accumulation of certain elements, it has 
been definitoly shown that tlio respiratory activities of tho root cells 
are indispensably involved in tho process of accumulation. Significant 
differences in tho rate of abHorj>tion in different varieties of the same 
plant did not occur except when tho medium was suitably aerated. Under 
conditions of proper aeration favouring optimiun respiration of tho delicate 
rootlets and root hairs striking differences were obtained. In all these 
experiments aoration of solution dul not merely carry away tho OO 2 
evolved by tho roots but also supplied oxygon for propcjr respiration. 
Maximum accunmlatiou of olootrolytos was attained under those condi- 
tions which provoked maximum aerobic respiration of tho root. Excised 
roots of those very plants too show but little or no power to accumulate 
electrolytes under non-aorated conditions whereas under proper aeration 
seedlings accmnulato those ions voiy rapidly. In all such cases it has 
also been marked that tlu^ in(^tabolio state of tho roots as determined by 
culture conditioi\R existing previous to oxcision is also of great importance. 

It has further boon deiuonstratod that while the absolute amotmt of 
solute absorbed by tho plant increases with increasing concentration of 
the solute in tho exti^rnal solution, tho amount absorbed relative to tho 
external concentration novertheloHS decreased rapidly from the lowest 
concentration upwards. When the external (soncentration of the solute is 
low the absorption rates become more than unity, while under high external 
concentrations, tho absorption rate is always less than unity. 
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The degree of absorption depends not only on the concentration of 
the external solution but also upon the nature of ioiis absorbed. Thus 
the absorption of nitrates cannot be considered independently of the 
.absorption of cations inasmuch as their effect on such j^laut characteristics 
as protein content of wheat are concerned. The quality in proteiia is 
known to vary with the character of the culture media, the nature of 
nitrogenous salt supplied and particularly the concentration of the nitrate 
ions in the medium as expressed by the results of extromo conditions of 
no nitrate on the one hand and ample quantities of nitrogen salts on the 
■other. 

The reaction of the solution is another important factor in the 
absorption of salts. Investigations in this regard have shown that for 
•each species and variety of the crop plants there is a specific range of pH 
at which optimum absorption takes place. Toxicity is more likely to 
•occur if in spite of other favourable conditions the aeddity of the sap is 
not maintained within certain range of the optimum for the species. 

Light has particularly been shown to iiiiluence tho intake of K and 
N ions. With increase in either the intensity or tho duration of artificial 
illumination, it has been found that wheat plants grown in water culture 
accumulate more of these ions. Above a certain range of intensity and 
•duration the reverse effect is clearly noted. This indicates how a purely 
external factor has influence on the absorptif>ii of the simple inorganic 
entities. 

Temperature of the medium too introduces significant differences in 
so far as the total quantity of solutes absorbed by the plant is concemeti. 
Thus in three series of cultures of wheat grown at 45, 35 and 30°C., respec- 
tively it has been shown that the total ash oontont after a period of 45 
•days increases with the increase in the temperature of the cultiire from 
30 to 35°C., and later exhibits a marked decline. This optimum tempera- 
ture was found useful for all studies on absori>tion. 

Humidity of the atmosphere has also been found to greatly regulate 
the intake of solutes from the soil but it cannot bo said with certainty 
whether it has any direct effect on the intake of Bolutos. When grown 
in an environment with humidity above 75% wheat plants failed to 
absorb as much of nitrogen from the modimn as under relatively drier 
atmospheres (50% humidity). Such variations in the absorption rate 
are correlated with the transpiration values under the two coaditions but 
it cannot be vouchsafed for tho present that the evaporation of water 
from the plant has any direct bearing on the rate of absorption of ions. 

Of special interest in this connection is tho relation between tho 
intake of solutes and the metabolic needs of a growitig plant. The data 
collected in this connection indicate that in a majority of cereals and few 
(>ther plants, the absorption of soil constituents is cihara<derized by three 
distinct phases, co -extensive with the more important stages of vegetative 
development. The first of these covers a period of progn^sHively increasing 
rate of absorption ending about the time tho houds j)egin to form, At 
this time it is frequently observed that tho absolute amount of potassium 
and nitrogen contained in tho plant apjn’oat^h tho magnitude present at 
•complete maturity. The beginning of tho soc-ond phase is indicated not 
merely by a decreased rate of absorption b\it by definite and substantial 
losses of eortain constituents notably potassium, nitrogen and <*.al(5iuTn 
from the portions of the plant growing above the ground and i)r<^sumably 
from the entire plant. The loss is more or loss (concurrent with the 
migration of tho same constituent into developing heads. The end of tho 
second phase is characterized by a tendency to absorb again the soil 
•constituent previously lost. This may rtssult in taking u]> ct)n8i(ieralrjlo 
quantities of these elements when the plants are large and well developed. 
The third phase occurring at the time of the ripening of tho grain is marked 
by a practically complete cessation of ahsorption of all <'.ouHtit\ients and 
an actual loss of most of them. 



Part 1 V — Biscmsions. 


203 


While sucli cyclic vaviatioiiH in the abHorption rates of certain. elemontB 
characterize different wpiHnes and varieties of plants exporimonted upon, 
it may incidentally bo rennirkod that specially in soil and sand fertilizer 
cultures, the losses of potassiiiin and nitrogen at certain stages of the life 
cycle occur when the cjonstituont of the water extract of the soil were at 
or approaching thoir minima and when the same (‘onstituents were moving 
from leaves to the 1 loads. Much, however, <lepends upon the specificity 
of the plant material* the Hfiecific needs of the plant at various stages of 
growth and development, and the ndation which the process of absorption 
might have with other metabolii^ activities of the plant. 

Attention may specially he recalled at this stage tf) the characteristic 
relation between the* ago-fa<‘tur au<l rate and order of absorption of ions 
on the one hand, and the rrdatioir betwei^n the intake of certain elements 
specially potassium and calcimn and the photosynthotic officienoy of 
plants on the otlior. While the ions in case of one single species are not 
absorbed at the same rate and in the same order at successive stages, 
there does seem to exist some correlation between the quality of these 
absorbed and the .specific metabolic rate. Thu.s a higher rate of absorption 
of potassium and calcium has always boon shown to bo associated with 
a higher rate of photosynthesis and vice mrm. 

The phonoinonon of the rtdative intake of nutrient elements from 
•culture solutions is further coinpUcatcMl by the antagonism between 
different ingrodionts, the uuo<]ual absorption <jf component ions and the 
selective absorption f>f those ions by the species under consideration. In 
•considering this aHpe(*t, how’cver, we (cannot but take into consideration 
the quality and state of protopleain more particularly the amphoteric 
nature of plant proteins, the biochomic constitution of the specios, and 
the nature of the particular stimuli— physical, (‘homic^al or mochanioab 
the effect of which is being invi^stigatcd. 

The whole question as a matter of fa(‘t nnnains yet to be carefully 
analyzed and unless larg<^ amount, comparative data under different 
•conditions and stimulii specially from water culture experiments, sand 
water culture, soil pot (uiltuu’is, field experiments and so on, and under 
as many different (jornbinations of factors as prac^ticable are available, it 
is rather difficult to arrive at any definite generalization. Strictly con- 
trolled ©xporiments with a parallel study of the different plant processes 
directly bearing upon the (puwtion of alwciqition of salts might also aid 
in solving the still little uiulerstoixl processes connected with the intake 
of ions by plants. It is also desirable to call attention to th© extensive 
investigations of Mosou and Maskoll. They suggested that re-export 
towards the roots of (‘ertaiu elemonts via tlio phloem may have a bearing 
on the rate of absorption of such elements by tho root ooUs, The relation 
or lack of relation between transpiration and absorption of mineral elements 
is also thought to be involviMj. The abHori)ti<>n of those elements may thus 
involve problems of plant anntoiny as well. 

Summarizing lilu*. vvbol<i qutistion it may bo remarked that tlie 
inoohanism of living cells involved in the absorption of saltw, which is 
tmdoubtedly of exc<'e<lingly gnxit intricacy, has not yet boon disclowxl 
through any <Ure<!t cfxpiM'i mental approach although wo have before ns 
jnany of tlie Buggestive ctxplanations of tlie phenomenon put forward by 
various workers from f.ime to time. Anuuig the theories advanced during 
tho past few years mention may be made of the ionic exchange theory of 
Tirooks and IBriggs, Ostcn’liout’s concieption of umlissociated molocuk^s 
entering the root cctlls, Hroiazeah's’s th<x>ry of physical abHor}>tion, tho 
epictesis theory of Lapiepas et-c. Tho conception of a situplo Dotman 
cxpiilibriurn too is inadeciuat.e to ex[)lain tho phonornonorx of ionic intake 
.Mince tho interior of ])lant tissues is known to comprise a number of phases 
each of which may he in Dorman equilibrium with the external solution 
and under whicih cinniinstauci^ ■j.iroduct of the apparent internal ionic 
eonoentrations ri^sulting from t-h(» total of all these phases is shown 

to he greater than tho external pnxluct. Not entering into tho relative 
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importance of these results and others each of which have their own 
limitations, it may be of use to remark that studies on the absorption of 
salts by plants grown on natural soils, particularly those yielding good 
crop, have important applications in investigation for determining the 
conditions for optimxim growth by means of sand and water cultures; 
for while the amount of a given constituent absorbed does not necessarily 
indicate the quantity essential to proper development, fluctuations in 
the rate of absoi^ption may be expected to reflect, at least to a certain 
extent, the nutritional peculiarities of the crop and serve as a guide in 
regulating the concentrations and amount of solutes at successive stages 
of growth. 

6. Db. V. SuBBAHMAN-yAN, Bangalore. 

Influence of the soil on the absorption of salts by plants. 

I wish to confine my remarks to just one aspect of the subject which 
is important from the agricultural point of view, viz., the influence of 
soil on the availability of salts for plant nutrition. 

A very large part of the literature on the subject of salt absorption 
relates to water-culture studies, but the results thus obtained, though 
fundamentally very important, are hardly applicable to field practice. 

As an example of the above, one may cite the commoixer oxperienc^e 
with phosphates. Alkali phosphates, which are completely available in 
water cultures, are only very poorly so in the soil. This is duo to tho 
ready solubility of these salts in water and consequent interaction of tho 
anion with the soil complex. The result is that the phosphate is rendorocl 
more or less ixnavailable in most types of soils. On tho othor hanfl, 
alkaline earth phosphates which are insoluble in water are very much more 
available than the alkali salts and continue to romaiti so fin' long periods. 
Thus, calcium phosphate does not react with tho soil complex, but 
nevertheless is readily available to tho plants. Tn a recent enquiry 
conducted at Bangalore, vSrinivasan and Sadasivan havo adduced evidence 
to show that calcium phosphate is solubilized by tho plant in just tho 
requisite quantities, so that very little surplus soluble phosphate is left 
over for interaction with the soil. Indeed, an elegant way of retaining 
the availability of soil phosphates is to convert them into calcium salts 
through basal dressings , of caustic or carbonate lime. Another and an 
equally efficacious method of increasing the availability of phosphates in 
the soil is to apply soluble silicates. Srinivasaa has ro(‘.ontly shown that 
colloidal silica which is the first product combines preferentially with the 
mineral complex of the soil, thus releasing phosphate for plant nutrition. 

Another direction in which the soil plays a very striking part is 
through interaction with metallic ions. .A number of previous workers 
have shown that manganese salts, in even very minute quantities, have 
profound effect on water-cultured plants. This eflect is cssontially ionic 
and is directly traceable to the influence of tho manganese ion. Beneficial 
effects are also observed in tho soil, but then the manganese salts behave 
in an entirely different way. When applied in moderate cjuantities 
(say, 1-2 cwts. per acre), a soluble manganous salt is rendered insoluble 
almost immediately after addition to soil, Tho suhsequenb obangos 
are of very considerable scientific as well as practical interest. Harihara 
Iyer and Rajagopalan working at Bangalore have shc)wn that undt'r 
normal conditions, the manganous salts are turned into inanganoso dioxides 
which has a highly beneficial effect on crops. Oxidation of organic 
matter is hastened, thus releasing more food for plant nutritioi i . Biological 
activity is also stimulated. Increased yields ranging from 25-100 per 
cent, (depending on nature of crop) havo actually been obtained. Even 
highly oxygenated compounds like permanganate first got reduced to 
manganese dioxide and then exercise a beneficial offect on plants. Tt 
would thus bo seen that application of soluble manganese salts is an elegant 
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method of supplying the insoluble but nevertheless potent manganese 
dioxide to the soil. 

The above observations do not entirely procludo ionic effects. It 
may, nevertheless, be pointed out that, in the case of tomato grown on 
soils with and without manganoso salts, there was no significant difference 
in regard to their manganoso contents. On the other hand, ragi grains 
(Wl&uaine Ooracana) from manganoso treated plots had a slightly darker 
colour than those from the control plots. W(^ have yet no evidence to 
show how this effect is produced. 

Soluble iron salts behave in a manner siixiilar to the manganese salts. 
They get mostly converted into finely divided ferric oxide and thus 
facilitate oxidation changes in the soil. When applied in moderate 
quantities they also lead to increased crop production. 

One rather interesting observation which has rec-ently been made 
by Asana at J^angalore is that soluble ferrous salts are more beneficial 
than the corresponding ferric salts to water-cultured rice plants. The 
mechanism of the phoiioinenon is still not clear. It may be interesting 
to mention in this connection that in the manured swamp soil there is 
always some soluble ferrous iron in the early stages. X''hi8 may be one of 
the beneficial effects of swamping which is so favourable to the rxo© plant. 
As already mentioned, the ferrous salts whicli result from the initial fer- 
mentation are subsequently converted into finely divided ferric oxide 
and thus exercise further boisdicial effect on the plant. 

7. Pbof. a. H. R. Ihrr.LKit, Manitoba pointed out that so far as 

his experience wont, the coil-wall did ]>lay a part in the 
absorption of salts by tho plant coll. 

8 . Pbof. V. H. RTjAC k wan, London, wound up the discussion laying 

stress on tho all-important function of tho protoplasm. As 
evidence he cited the fact that absorption w'as affected by 
the absontse of oxygon. 


XXXII. THE SI>ECIES CONCKrX IN THE LIGHT OF 
CYTOLOGY AND GENETICS. 

(Heciions of Botany, Zoology md Agriculture.) 

Pbof. B. Sam NX and later Pju)k. S, K. Ro.sk pn^sided, and Du. 

(Miss) K. K. Janakx AMMATi opened the disciiHsioii, 

I. Dii. (Mish) E. K. Ianaki Ammal, Coimbatore. 

Oj )r / i / n (j Itvffi arkn. 

It has boon said Ihai- the t.est of tlw^ chmuJ of a bUilogist is his <Ieflnition 
of species. Though motlern geueties has thrown eonsidorablo light on the 
nature of genetical <li(Teron<;(^H bt)tw<'en r(3lated species, at no time has 
it been more dilficull- to tleliiu^ species at the pri^sent day. This is main- 
ly because wo now know more of tho underlying oauHes of variation or 
discontinuity that <»xist b<3twefri two forms than w(? did 20 years a^o. 
These causes are now found to be ilifierent in the case of different, species 
and genera. 

The cyto-genoLic analyses of plants and animals have shown that 
though the difibnmci^s botwocn some species are mainly gone differonoc^s, 
in others they are associatod with <jhang<^ft in (1) the number, and (2) 
the structure of (hromosomes. Tho discovery of plants with chromosomo 



206 


Twenty-fifth Indian Science Congress, 


numbers which are multiples of a basic number is so widespread that it 
has been observed in nearly every genus that has been examined criti- 
cally. This discovery gives polyploidy a practical importance in tracing 
the phylogeny of species. 

‘ Secondary pairing * of chromosomes at moiosis was first used by 
Darlington to interpret the history of the Pomoidesc. 

By the synthesis of Galeopais Utrahit from G, puhescena and Q, 
apeciosa, Muntzing was the first to show that Linnoan spocies had arisen 
by hybridization and doubling of chromosomes. It is now known that 
many genera and species of cultivated plants are allo-polyploids. A 
number of artifi-ciaUy produced forms like Primula hewensis, Nicotiana 
digluta and Digitalis mertonensis have been produced by the same way, 
while ‘ amphidiploid ’ intergeneric hybrids like Acgilotriticwn and Baphano 
brasaica have been raised to the status of new genera. 

The ease with which it is possible to hybridize widely differing genera 
in the family Grramineae when factors that contributed to thoir isolation 
are removed, is shown by the many hybrids produced at Coimbatore 
between species of Saccharum and those of Sorghum^ JSrianthua, JSfarenga^ 
Bavribuaa and Imperata. 

* The indigenous canes of India, the so-called S. harberi and S. ainanae 
of Jesweit occupy taxonomically a position intermediate between the 
noble cane S. offioinarum and the wild species apontaneum. These 
latter represent a polyploid series ranging from = 48 to 2n c= 80 in 
India and 2n = 80 to 2w =* 124 in Purther India and PI. Indies. In 
S. ba/rberi and S. sinenae aneuploid number ranging from = 82 to 
2n = 124 have been observed. 

Evidence for the origin of S, barberi from S, apontmieum has boon 
obtained from the study of occasional giant triploids with 2n = 84 (tri- 
plopolyploids) which arose amongst selfed progenitw of a S, apontamum 
(2w «= 66) in Coimbatore. These were found to be thicker and have more 
sugar than the typo from which they arose and the resemblance to S, barberi 
was very pronounced. The occurrence of such giant triplopolyploids 
amongst intraispocific hybrids between the different chromosomal forms of 
S. apontanemn and the phenomenon of heterosis met with in crosses 
between widely separated forms of /S’, spontrmmni secun to point out that 
hybridization must have played an important part in the evolution of the 
cultivated cane.’ 

2. Prof. R. Rugolbs Gates, London. 

On the gene theory variations arise, at any rate for the most part, 
iii the chromosomes, and express thenoselvos in ontogenetic development. 
An understanding of species and other categories of taxonomic classifica- 
tion must then ultimately be based upon an analysis of how chromosomes 
change. The conceptions associated with the terms linnoons, jordanons, 
and syngameons have proved most useful in the gouotio analysis of species 
and their variations. 

From the cytological point of view we may classify chromosome 
changes as changes (1) in number, (2) in structure. Changes in number 
include : (a) polyploidy, so characteristic of plants, (6) polysemy, (c) 
fragmentation, (d) fusion of chromosomes. Structural changes include 
(a) segmental interchange, (6) duplication,- (c) reversal, and (d) deletion 
of a portion of a chromosome. Some of these changes involve no imme- 
diate phenotypic change in the organism, but they servo as a basis on 
which future differentiation of type can take place. 

Comparative cytology throws light on the processes by which these 
changes in number have taken place. The study of chromosome structure 
combined with comparative genetics shows how rearrangements within 
the chromosomes have been taking place. Examples are the location of 
parallel mutations in the chromosomes of Drosophila rmlanogaatety D. 
2 jaeudo-obacura, D. virilia and other species ; or the catenation of ohromo- 
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somes in different Omiothcra species. This appears to have come about 
through segmental interchange accompanied by genic mutations and 
followed by intercrossing. In all cases tho ultimate i*aw material of evolu- 
tion appears to be supplied mainly by genic mutations. Tho study of* 
mutation rates and their natural methods of cliange may ultimately throw 
some further light on tho origin of this ‘ raw material Different genera 
of plants and animals have specialized in tlifforont znethods by which the 
genes thus produced aro rearranged, multiplied or interlinked. 

Many interspecific crosses both in plants and animals show that their 
differentiation has arisen through genic mutation. Examples, AnMrrhi^ 
num, Per 07ny sens. In certain genera, o.g. Oenothera^ there is evidence 
of c^oplasmic difforontiation as well. Other types of cytological change 
come in to complicate tho rosults by linking tho genes in fresh groupings. 

It was supposed until recently that interspecific sterility could only 
arise over a long period and had iKJVor occurred in experiment. Some 
biologists still regard it as an essential criterion of species. Intorsterility 
is, however, no longer a sure guide oven regarding nearness of relationship 
between types. We can now see in many cases how it has either arisen 
in experiment or must liavo arisen in the recent past. The numerous, 
coses of amphidiploidy in plants and chango in chromosome number or 
segmental reversal in various genera furnish such evidence, Tho natural 
selection of parallel mutations in species which have becjome interstorile, 
means evolutionary advance on a common front. 

The genus Oenothera has ovolve<l simultaneously chromosome catena- 
tion and small self-pollinating IIowoitj. Uiulor these conditions the seeds 
from each individxial produce a pure line. Catenation proservos tho 
advantages of heterosis, (lecaskmal crosses occur, produchxg new types 
which again breed true. Thus the whole Onagra section of Oenothera^ 
containing over 75 species, is a syngameon containing nuinorous Hnnoons 
which occasionally intercross when dispersal brings them into contact.. 
This, combined witli gene mutations, produces a ziotwork of cross-related 
forms, linneons, iordanons and many Htnallor differences. 

3. Dn. C. D. Daklincston, London. 

The Integration of specicn. 

We are generally agnunl that species arise, as Darwin said, by tho 
selection of hereditary variations. W(» are not agivod as to how the 
selection takes place. It must depend on tho natuit» of tho variations 
that are available for scleiction. Those ar(» l)roa<lly of throe kinds : changes 
in tho internal properties, lin(*ar positions and (piantitative proportions 
of the genes making up th<^ (diromosonies. 'riiese throe must be selected 
so a>s to provide the moans of isolation an<i adaptation. The comparison 
of species and th<^ study of tlnnr hybriils show that tho chromosomos aro 
continually undergoing structural rearrangomonts which izi various ways 
prevent crossing-over botwi^cn the genes in tho roarrarxgod parts. These 
structural changes provide tho moans for holding togethc^r groups of genes 
and thus allowing for tho pn^servation of good combinations. This is 
the first stop in the integration of spoci(^s. StriK^tural changes also cause 
changes in the proportion or balance of tho gonoH in tho complement, thus 
adapting them to different onviroumonts. This is the second stop in 
integration. Finally structural changes inhibit tho pairing of the rela- 
tively changed chromosomes and load to intorsterility. This is the third 
step in integration. Whore polyploidy is tho agent of species formation 
tlie mechanism is different, but the thret» essential steps remain tho same. 

4. Dn. 33. W. Eklanson, Budge Budge. 

Genetics has helped to explain (a) variation within the species, and 
(b) parallelism in related species. Tho application of this improved 
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^understanding resulted in the reduction of the nuiubor of American species 
of Bosa from 115 to 20. Cytology has thrown light on phylogeny and has 
.-solved some problems of phytogeop*aphy. We have finally broken away 
from the concept of a morphologically delimited species with a definite 
range and have adopted a three-dimensional fiindamontal unit the ‘ lino 
uf evolution ’ in both space and time for each species. It has been shown 
that interspecific relationship is a complex reticulum rather than <lendritic. 
The unique cytological behaviour of the common Canince roses has 
distorted the perspective of some European workers who have persisted 
in the fallacy that modern diploid roses are descended from polyploid 
-ancestors. This hypothesis is not necessary to explain the cytological 
-conditions. The fact that the higher balanced polyploid rose species are 
both the most primitive morphologically and the most boreal in range 
has also been used to support the theory. The physiological eifect of 
polyploidy is to increase cell size, slow down growth rate and increase 
-adaptability. In Boaa the higher polyploids are physiologically best 
s.dapted for near arctic conditions. Their very polyploidy is a bar to 
furiher evolutionary progress, although as allopolyploids they may act 
.as sources of new genes which appear in diploid descendants of hybrids 
between them and diploids. There are both generalized and specialized 
tetraploid rose types and tetraploids have arisen more than once on the 
American continent. The cUploid B. WoodiSii (near relative of the Eurasian 
B, cihnamomea) has the greatest north-south range of any roso. It is 
generalized and primitive morphologically and there is no reason to 
-suppose that there have not always been diploid lines of descent in the 
■genus which have given rise from time to time to the polyploids with 
which they still hybridize freely. 
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